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INTRODUCTION. 


BY  R.  C,  ALLEN. 

Ill  the  Annaal  Repoi-t  of  the  Michigan  Geological  Survey  for 
1907,  there  Avas  published  a  large  scale  colored  map  of  the  sur- 
face or  soil  formations  of  the  Southern  Peninsula  of  Michigan. 
This  map  is  accompanied  bv  an  explanatory  text  by  Dr.  A.  C. 
Lane.  This  text  is  mainly  an  interpretation  of  the  map.  The 
map  and  text  Avere  published  with  the  end  in  view  of  setting 
fortli  in  a  manner  easily  comprehended,  an  orderly  narrative  of 
the  causes  and  effects  of  the  several  continental  glaciations  of  the 
Pleistocene  or  glacial  period  ("Great  Ice  Age")  Avith  detailed 
plication  to  the  Southern  Peninsula  of  Michigan. 

The  demand  for  the  Avork  has  been  so  large  that  the  limited 
edition  is  noAV  exhausted.  The  necessity  of  a  new  edition  brings 
witli  it  the  op]jortunity  of  a  thorough  revision  of  the  map.  Addi 
tional  information  has  been  incorporated  and  new  subdivisions 
of  the  glacial  or  soil  formations  have  been  made.  Tliis  may  be 
seen  by  comparative  examination  of  the  legend  on  the  ma])  of  1007 
with  the  legend  accoiii])anyiiig  tiie  neAV  map.  (Plate  1.)  The  (or 
mer  bears  only  eiglil  (liUcrciil  coloi-s  and  smybols,  tlu^  lailci-  sixhH'u. 
A  new  and  more  j>leasing  coloi-  sclieiue  lias  been  adoplcd,  a  new 
black  l)as('  lias  been  used  and  a  snjx'rior  grade  ol'  li(  liogra piling 
lias  been  acconjplished.^ 

The  text  whicli  follows  has  ])een  entirely  rewritten  by  ^Ir.  Fi-ank 
Leverett  and  a  cliafjtei-  on  climate  by  ^Ir.  (\  V.  Sclmeider  has 
iiccn  added.  The  jcjidcr  is  liisl  inhodnccd  jo  a  knowledge  of  (lie 
genei'al  jjliysiogra j)]iic  and  cliinalic  c(Midilions  of  (he  ]>eniiisnla 
will)  sfK'cial  'Miipliasis  of  (lie  bearing  of  (liese  on  agricnKnre.  There 
follows  a  liislory  of  (he  glacinl  j»eri(»<l  in  Mi<liigan  in  wliidi  is  de 
velojied  (lie  ciia racier,  (lis( rihni  ion.  niode  of  origin  and  ( opogra pliic 
expression  of  (lie  \aiions  surface  or  soil  lorinaliciis.  A  genei-al 
inventory  of  llu*  \Mrioiis  s*nl  fornialions  is  (lien  (akeii  and  (lie  i*e.- 
snlfs  are  (;ilnil;i(ed  with  (.||i"i'  rel;i(ed  s(  ;i  ( is(  ii-ji  I  d;i(;i  in  eon 
venient  foi  iii   b\   connlies  ;ind   ( o\\  iisli i ps. 


'The  Marl:  lia-<-  k  a  j)art  of        m  w  iiihriiat  ioiial  map  of  llir  world  oil  ii  srulf  (»f  1 .  1 ,000, 00(1. 
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HOW  TO  USE  THIS  MAP  AND  VOLUME. 

This  publication  is  an  attempt  to  adapt  the  results  of  a  care- 
ful scientific  study  of  the  surface  formations  of  the  state  to  a 
distinctly  utilitarian  purpose.  Were  ^\e  concerned  merely  with 
elucidation  of  a  chapter  in  earth  history  from  a  purely  scientific 
point  of  view,  stress  would  be  laid  on  many  facts  and  conditions 
whicli  are  here  only  mentioned  or  entirely-  ignored.  Such  treat- 
ment will  be  giyen  by  Messrs.  Frank  Leverett  and  F.  B.  Taylor  in 
a  forthcoming  monograph  to  be  published  by  the  United  States 
Geological  Suryey.  But  in  this  volume  the  emphasis  is  placed  on 
The  economic  features,  in  other  words  the  surface  formations  are 
treated  from  the  view-point  of  their  relative  extent,  character 
and  value  from  the  standpoint  of  industry, — the  chief  industry 
being  of  course  agriculture. 

Tliis  map  (Plate  I)  and  the  text  will  be  found  useful  to  persons 
interested  in  obtaining  a  knowledge  of  the  physiographic,  climatic 
and  soil  conditions  of  tlie  Soutliern  Peninsula  or  of  any  part  of 
it.  The  subject  matter  is  well  adapted  to  the  needs  of  students 
and  teachers  but  more  especially  to  farmers,  land  buyers  or  dealers, 
and  tlie  development  bureaus,  of  citizens,  railroads  and  other 
organizations  concerned  with  the  agricultural  progress  of  the 
state  and  the  settlement  and  development  of  thinly  populated  areas 
adapted  to  farming. 

Pros])ective  purchasers  of  land  and  prospective  settlers  should  be 
guided  only  by  a  i)ersonal  knowledge  of  the  particular  description 
of  land  of  whicli  purchase  is  considered  and  accurate  infonnation 
regarding  local  conditions.  No  map  and  no  amount .  of  printed 
matter  can  take  tlie  j)lace  of  a  personal  examination  on  the  ground. 

In  the  mapping  and  discussion  of  the  soil  formations  we  have 
made  no  attempt  to  measure  general  fertility  or  crop  growing 
capacity  of  the  soil  formations  or  particular  crop  adaptations  to 
I)articular  soils.  Soil  fertility  is  dependent  on  many  factors  not 
considered  in  this  text.  Local  conditions  of  temperature,  moisture 
and  topography,  physical  and  chemical  composition  of  the  soil, 
the  property  of  supporting  bacterial  life,  the  character  of  the  sub- 
soil, etc.,  are  all  important  detenninants  of  crop  growing  capac- 
ity. Particular  kinds  of  soil  under  certain  combinations  of  the 
above  factors  will  grow  excellent  crops  of  pai-ticular  kinds  when 
other  crops  will  fail  wholly  or  partially.  In  these  days  of  special- 
ized faiining  practically  everv^  kind  of  soil  can  be  managed  in 
such  manner  as  to  grow  remunerative  crops  and  good  soil  manage- 
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nient  is  a  factor  in  crop  growing  of  importance  equal  to  that  of  the 
soil  itself. 

It  is  known  by  everyone  who  has  only  a  slight  familiarity  with 
soils  that  maps  which  show  details  of  soil  composition  and  texture 
do  not  exist  and  in  the  very  nature  of  the  case  can  not  be  made. 
There  is  no  limitation  of  subdivision  that  might  be  made  were 
soils  to  be  classified  on  slight  differences  of  physical -and  chemical 
composition.  On  a  single  quarter  section  may  be  found  one,  two. 
six  or  a  dozen  different  soils  depending  on  the  basis  of  classifi- 
cation and  the  degree  of  importance  attaching  to  minor  variations 
in  character.  It  is.  hovrever.  inadvisable  to  carry  in  a  soil  classi- 
fication a  large  number  of  subdivisions  based  on  slight  variations. 
On  the  map  Avhich  accompanies  this  volume  (Plate  I)  there  is 
shown  in  color  and  symbol  fourteen  types  and  subtypes  of  soil 
formations.  It  is  thought  that  this  degree  of  subdivision  expresses 
admirably  the  general  facts.  The  character  and  relations  of  these 
types  and  subtypes  may  be  readily  understood  and  the  number  is 
not  so  great  as  to  be  confusing  to  the  general  reader. 

It  should  be  understood  that  the  boundaries  between  surface 
formations  of  unlike  character  can  rarely  be  represented  by  a  line 
or  a  plane.  Ordinarily  one  formation  gives  place  to  another 
tlirough  grndational  phases  jind  the  boundary  between  them  is  at 
tlie  surface  a  zone  or  belt  of  varying  width.  The  formation  bound- 
aries wliich  are  rejiresented  by  lines  on  the  map  are  in  reality  in 
most  cases  zones  of  gradaticin  between  adjacent  formations. 

NVliile  a  given  small  area  may  show  wide  variations  of  soil 
charncter.  tlie  iiumlxi-  of  vari;!tions  de])endiiig  ;is  slated  above  on 
tlie  iinpoi-rauc('  attached  to  slight  Varijitions  iji  ilie  classification, 
it  is  not  less  ti'ue  that  tlie  sanic  ai-ca  iiiay  iiave  a  great  ]»re(lomi- 
nance  ot  soil  of  ;i  p;irt  iciiljn-  cluii-afK'r  niid  composition  (Icjtciiding 
on  orijL^in  and  mai'ner  of  fctriiial  ioji.  ;md  the  general  soil  conditions 
ill  snch  an  area  conld  b"  ]»ropei'ly  represented  on  a  sninll  scab* 
ni;i(»  l)\  ;i  siiinh-  mini-  oi-  syinlM»I.  Tlie  cdlois  iiiid  synilxils  exprtss 
on  !*l;ile  I  (htniitmiK  (  in  tlie  \;n  ions  areas  (oxcred  by  them  of  a 
l)jn-ticnhii'  formation  of  the  genei"il  ch:ira<  lei-  sel  jnrlli  in  ihc  legend 
;ind  //o/  cnfirc  r.fcl usiou  o/'  oilier  f/i/ns. 

S(fil  Classificdl ion.  Any  soil  chissitical  ion  w  liich  is  rjii  i  ied  hi 
an  extreme  degree  of  dilferc!) I iji t ion  is  eonfnsing  lo  ihose  who  are 
not  Htiidenfs  (H-  s|te(  i;i I i>i s  in  liie  subject  nnd  Ihns  fails  of  nuixiinnin 
usefulness.  A  sat isfjictoiy  <  lassificat ion  enn  iioi  be  Icised  on  scNcinl 
factors  esfjecially  if  these  f;«<  tors  ai-e  not  <  losely  relaled.  Vm  in 
stance  it  would  not  he  satisfactory  to  ;ittenipt  a  cl;issilie;il ion  base<l 
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on  the  following  factors:  (1)  origin,  (2)  chemical  composition, 
(3)  physical  composition,  for  these  factors  are  not  necessarily 
closeh^  related.  Any  one  of  these  factors  conld  be  nsed  and  in  fact 
are  each  used  as  a  main  basis  for  soil  classification  and  each  classifi- 
cation is  useful. 

The  classification  which  is  based  on  origin  seems  preferable  for 
glacial  and  fluvio-glacial  soils.  The  names  of  the  various  sub- 
divisions such  as  moraines,  till  plains,  kames,  lake  plains,  etc., 
carr}'  with  them  a  general  idea  regarding  constitution,  topography, 
etc.  In  other  words,  if  the  mode  of  origin  of  a  glacial  formation 
be  given,  a  slight  knowledge  of  the  subject  will  enable  one  to  make 
in  m;iiiy  oases  a  close  approximation  to  j)hysical  constitution,  gen- 
eral composition  and  general  topographic  expression  of  the  forma- 
tion. Furthermore,  when  origin  is  the  controlling  factor  in  class! 
fi cation  the  soil  map  brings  out  at  a  glance  much  of  the  geologic 
significance  and  topographic  relations  of  the  various  formations. 
This  significance  is  entirely  lost  or  greatly  obscured  on  maps  which 
express  a  classification  based  on  iiliysical  constitution  or  chemical 
compositiaon  despite  tlie  usually  e\idenl  relation  of  these  factors 
to  mode  of  origin.  A  soil  map  of  a  glaciated  area  which  expresses 
a  classification  on  the  basis  of  origin  can  be  properly  made  only 
by  a  trained  and  experienced  glaciologist  such  as'  the  author  of 
this  volume. 

fMnd  Values.  The  value  of  farm  land  varies  with  locality  and 
with  all  of  the  above  factors  governing  soil  fertility.  Average 
values  of  Michigan  farm  land  by  counties  as  determined  by  the 
Thirteenth  Census  are  given  in  Chapter  V.  In  making  reference  1o 
these  tables  one  sliould  consider  the  values  there  given  by  counties 
in  connection  ^vith  tlie  total  acreage  of  developed  farm  land  in 
the  same  counties,  pofmlation,  and  situation  witli  reference  to 
lociilization  of  industries.  For  instance,  tlie  i)ercentge  of  hmd  area 
in  fai-ms  in  Wayne  county  is  small  when  considered  will)  (lie  de- 
gree of  development  of  tlie  county  but  this  is  explained  by  the 
fact  that  considerable  part  of  tlie  county  is  embraced  within  the 
Jirnits  of  the  City  of  Detroit  and  its  suburbs.  Again,  Gogebic 
county  has  the  appearance  of  being  tlie  most  valuable  county, 
agriculturally,  in  the  Northern  Peninsula  if  one  were  to  judge 
merely  by  the  aNerage  value  of  farm  land  per  acre,  but  a  glance  at 
the  map  (Fig.  10)  sliows  that  only  1.8  per  cent  of  the  county  has 
been  agriculturally  developed.  This  depai-tment  is  not  in  position 
to  advise  prospective  settlers  on  land  values  on  particular  sections 
and  AN'hen  sucli  re(iuests  are  made  it  is  our  custom  to  refer  tlie  in- 
quiry 1o  trust worlliy  local  ])ai'ties. 
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Hon-  to  procure  extra  copies  of  Plate  I.  Extra  copies  of  the 
map  of  the  surface  or  soil  formations  may  be  obtained  on  applica- 
tion to  this  department  and  mav  also  be  obtained  from  Hon.  A. 
C.  Carton,  Secretary  of  the  Public  Domain  Commission  and  Com- 
missioner of  Immigration.  A  similar  map  of  the  Northern  Penin- 
sula may  also  be  obtained  on  application  to  either  of  the  above 
offices. 
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PHYSIOGKAPHY  OF  THE  SOUTHERX  PEXIXSULA. 

GENERAL  GEOLOGICAL  FEATURES  AND  GEOLOGIC  TERMS. 

In  the  Southern  Peninsula  of  Michigan  the  rock  formation,s 
present  less  variety  of  features  than  in  the  Xorthern  Peninsula, 
and  are  much  less  o])en  to  view,  because  of  the  greater  thickness 
of  the  glacial  deposits.  /Xone  of  the  rock  formations  in  the  South- 
ern Peninsula  have  been  subjected  to  such  uplieaval  and  folding 
as  characterize  the  fomiations  in  the  western  part  of  the  Northern 
Peninsula.  Thev  all  lie  in  nearly  horizontal  position  Avith  a  gentle 
dip  toward  the  center  of  the  peninsula.  The  beds  of  shale,  sand- 
stone, and  limestone  which  outcroj)  in  the  eastern  part  of  the  Xorth- 
eni  Peninsula,  also  dip  toward  the  center  of  the  Southern  Penin- 
sula, and  pass  beneath  the  beds  which  form  the  surface  of  that 
peninsula. 

The  rock  fonnations  of  the  Sonthern  Peninsula  range  in  age 
fi-om  the  upper  part  of  the  Silurian,  through  the  Devonian,  to  the 
lower  part  of  the  ('arboniferous,  and  consist  of  a  series  of  lime- 
stone, shale,  and  sandstone  beds  with  which  are  associated  deposits 
of  coal,  g-ypsum,  and  salt,  each  in  its  own  particular  horizons. 
The  arrangement  of  the  several  formations  has  been  likened  to  the 
piling  u})  of  j)latcs  oi'  saucers  in  a  series  of  diminishing  size,  and 
diminisliini»-  auiount  of  disliing,  from  bottoui  to  top.  Tlie  upjier- 
most  and  youngest  foi'matif)n  fiiough  i-csling  on  lliosc^  wlii<li  ])re- 
<('dc  il  in  age  does  not  shind  jibove  some  of  llieir  oullving  parts. 

The  highest  bed  rock  surface  in  Ihe  Southern  I'eninsuhi  is  tound  in 
th(;  ai-ea  of  outciop  of  the  Marshall  sandslonc  of  cju'ly  Cai  boni  IVrous 
age  in  nillsdjilc  nnd  n(Mgii])ori ng  jiarls  of  .IncUson  and  Calhoun 
counties,  (IMale  fl)  where  mii  allilndc  of  1,()(M>  to  l.KMI  \vv\  is 
readied.  The  lowest  jillilnde  of  the  ?dc|,  sniface  is  on  the  hor<leis 
of  Lake  Afichigan,  in  llie  \i<inif\  of  .Manisje<'  ;iiid  Ludinglon, 
where  il  falls  below  sc;i  h'\el.  it  is  in  the  aica  w  iieic  sliiiles 
<»f  late  Devonian,  and  of  e;iil\  ( 'jii-bon i ferons  age,  Inrni  tin'  njijHT 
most  beds  of  rock.  In  the  midst  of  fyake  Michigan  ininiedinielv 
went,  from  there,  the  i-ock  sni-face.  over  ;in  ;uc;i  :;()  mih-s  in  h-ngth 
and  2  fo  S;  miles   in   width.  li;is  ;in   ;iltitndc   re  tli:in   .".nil  fed 
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below  sea  level.  There  is  thus  a  range  of  about  1,400  feet  in  the 
altitude  of  the  bed  rock  of  this  region. 

There  are,  in  the  Southern  Peninsula,  two  large  areas  in  which 
the  rock  surface  has  a  marked  relief  above  bordering  districts. 
One  of  these,  in  the  southern  part  of  the  state,  extends  from  near 
Kalamazoo  and  Coldwater  northeastward  to  the  terminus  of  the 
^'Thumb''  of  INfichigan,  which  lies  between  Saginaw  Bay  and  the 
southern  part  of  Lake  Huron.  From  an  altitude  of  1,100  feet  in 
northern  Hillsdale  county  it  drops  off  somewhat  rapidly  to' about 
900  feet  in  central  Jackson  county,  and  then  more  gTadually  to 
700  feet  or  less  at  the  end  of  the  ''Thumb."  There  is  also  a  rapid 
decrease  in  altitude  southward  in  Hillsdale  county,  and  adjacent 
parts  of  Indiana  and  Ohio,  to  an  altitude  of  only  600  feet,  and 
this  low  altitude  of  the  rock  surface  is  maintained  over  much  of 
northwestern  Ohio  and  northern  Indiana. 

The  other  area  with  relatively  high  rock  surface  is  found  in  the 
northern  part  of  the  peninsula,  north  of  latitude  44°.  That  region 
is  so  heavily  covered  with  drift  that  few  borings  have  reached 
the  rock.  These  indicate  that  the  rock  surface  may  not  reach  an 
altitude  of  more  than  250  feet  above  Lakes  Michigan  and  Huron,  or 
but  little  more  than  SOO  feet  above  the  sea.  In  southern  Cheboygan 
and  southwestern  I'resque  Isle  counties  the  rock  is  either  exposed, 
or  struck  in  borings,  at  an  altitude  about  800  feet  above  sea  level, 
and  no  borings  in  neigliboring  districts  to  the  south  have  reached 
it  at  a  liigher  altitude.  From  this  relatively  high  rock  area  there 
is  but  little  descent  to  the  northeast  and  east  until  one  reaches 
tlie  immediate  border  of  Lake  Huron.  There  is  also  comparatively 
little  descent  in  ])a.ssing  westward  to  Lake  Michigan  over  the  dis- 
trict immediately  soulli  of  Little  Traverse  Bay.  But  from  the 
vicinity  of  Bellaire  southward  there  is  a  very  low  rock  surface  for 
some  distance  inland  frouL  the  Lake  Michigan  shore,  portious  of  it 
being  about  at  sea  level.  Tlie  altitude  is  also  very  low  in  a  strip 
running  westward  through  tlie  center  of  the  peninsula  from  the 
southern  end  of  Saginaw  Bay  to  Lake  Michigan,  the  general  alti- 
tude of  the  rock  surface  being  only  30O  to  500  feet.  This  low  area 
lies  about  midway  between  the  two  relatively  high  areas  just  noted, 
and  there  is  a  gradual  rise  from  it  toward  these  areas.  In  the  south- 
wef^tern  and  the  southeastern  parts  of  the  peninsula,  there  are 
extensive  areas  with  an  altitude  about  500  to  GOO  feet  above  sea 
level. 

From  jjreceding  statements  it  appears  that  the  relations  of  the 
rock  surlVu  e  to  the  level  of  Lakes  Huron  arul  Michigan  are  such 
that,  weie  the  drift  i-emoved,  and  these  lakes  held  at  their  ])reBent 
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level,  there  would  be  two  large  islands  witliiu  tlie  area  of  the  pres- 
ent peninsula ;  one  100  to  250  feet  above  the  lake,  lying  north  of 
latitude  41'  and  occupying  perhaps  half  the  present  land  surface 
north  of  that  parallel,  the  other  in  the  sotitheastern  part,  with  an 
altitude  100  to  500  feet  above  the  lake.  The  latter  area  wotild 
be  bordered  by  broad  stretches  of  very  shallow  water,  interspersed 
perhaps  with-  low  islands  in  the  district  adjacent  to  Lakes  Erie 
and  St.  Clair,  and  across  the  northern  part  of  Indiana  and  north- 
western Ohio  and  the  southwestern  part  of  Michigan.  There  would 
be  relatively  deep  water  in  what  is  now  the  central  pan:  of  the 
peninsula  from  Saginaw  Bay  westward,  and  exceptionally  deep 
water  on  the  western  side  of  the  northern  island  from  the  head  of 
Grand  Traverse  Bay  to  Ludington. 

A  series  of  planimeter  measurements  made  by  Mr.  W.  F.  Cooper 
from  a  map  of  bed  rock  contours  prepared  by  Dr.  A.  C.  Lane  (  See 
Plate  II)  show  the  average  elevation  of  the  rock  surface  to  be  abotit 
551  feet  above  the  sea.  It  thus  appears  that  if  the  drift  were  re- 
moved, and  the  rock  brought  to  a  uniform  level,  its  surface  would 
stand  about  25  feet  lower  than  Lakes  Huron  and  Michigan. 

In  the  preceding  disctLSsion  of  the  bed  rock  stirface  no  account 
was  taken  of  the  preglacial  valleys.  Xo  doubt  the  preglacial  drain- 
age had  been  developed  into  a  mature  system  whose  valleys  greatly 
dissected  the  rock  surface.  Where  the  drift  is  thin  as  in  Hills- 
dale, Jackson  and  Calhoun  coimties  the  courses  of  some  of  the 
valleys  are  still  visible  for  they  were  not  filled  to  the  level  of  their 
rock  bluffs.  In  other  places  where  the  rock  is  concealed  by  drift, 
borings  have  throwTi  some  light  on  the  position  of  deep  valleys. 
This  is  especially  true  of  the  district  west  from  the  head  of  Sagi- 
naw Bay,  where  borings  indicate  the  presence  of  a  valley  in  the 
rock  along  a  line  leading  from  near  Bay  City  to  Alma.  Tliis 
drainage  line  apparently  was  discliarging  westward,  or  in  tlie  re- 
vers(^  direction  from  Ihe  present  drainage,  for  the  rock  bottom  at 
Alma  is  lower  tlian  at  any  place  to  the  east,  being  350  feet  below 
the  level  of  Saginaw  P>ay,  or  only  230  feet  above  the  sea.  It  seems 
probable  tliat  this  valley  continued  westward  into  Newaygo  county, 
and  thence  northwestward  to  the  part  of  the  Michigan  shore  ne^ir 
Lndington  in  which  the  rock  surface  is  below  sc^a  level.  A  valley 
with  rock  bottom  only  400  feet  above  sea  level,  was  struck  in  a 
boring  at  Saranac,  a  few  mih-s  west  oi'  Ionia,  whidi  niny  be  a 
sonthern  tributary  of  the  one  Ie;i(lin<;  w est i-d  rrmn  AInia.  There 
are  some  indications  from  borings,  thnj  a  valley  <  june  to  the  pres 
ent  St.  Clair  valley  from  the  nortliw<'st  a  few  miles  soiilh  of 
Port  Huron,  whose  rock  bolloni  at  tlw  ci-ossing  of  the  SI.  ('lair 
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River  is  about  200  feet  beloAV  the  present  stream,  or  less  than 
400  feet  above  the  sea.  But  aside  from  these  few  instances  of 
deep  valleys  struck  by  borings,  very  little  has  been  obtained  to 
show  the  distribution  of  the  preglacial  valleys  and  direction  of 
drainage.  In  fully  nine-tenths  of  the  state  practically  nothing  is 
known  concerning  the  old  drainage. 

The  fact  that  the  rock  surface  in  part  of  the  western  side  of 
the  peninsula  is  below  sea  level  is  rather  surprising,  but  perhaps 
no  more  so  than  that  the  neighboring  part  of  the  bed  of  Lake 
^Michigan  has  a  small  area  that  is  more  than  300  feet  below  that 
datum.  It  is  evident  that  considerable  change  in  level  of  the  rock 
surface  has  been  effected  Jiere,  either  by  ice  erosion,  or  by  depres- 
sion of  the  earth,  since  the  time  when  this  region  had  a  discharge 
to  the  ocean.  Such  changes  have  so  complicated  the  conditions  as 
to  render  almost  hopeless  any  attempt,  in  our  present  state  of 
knowledge,  to  map  out  a  connected  system  of  preglacial  drainage. 

The  glacial  drift,  which  covers  so  deeply  much  of  the  rock  sur- 
face of  the  Southern  Peninsula,  consists  of  a  more  or  less  com- 
mingled mass  of  boulders  and  small  stones  in  a  sandy  or  clayey 
matrix,  tliougli  it  differs  greatly  in  constitntion  and  in  texture  from 
place  to  place.  It  was  brought  in  largely,  if  not  wholly,  by  an 
ice  sheet  or  continental  glacier  which  moved  sontJin'cKt icurd  from 
the  highlands  of  Canada  across  the  several  Great  Lakes  basins, 
cariwing  in  it  tlie  earthy  and  stony  material  gathered  from  the 
loose  surface  material  of  the  districts  over  Avhich  it  was  moving. 
The  Canadian  liighlands  were  thus  extensively  denuded  of  soil 
and  subsoil,  while  the  district  soutli  of  the  Great  Lakes  was  cor- 
respondingly enriched  by  the  glacial  action.  As  indicated  below, 
the  avei-age  thickness  of  the  drift  in  the  Southern  Peninsula  is 
about  300  feet.  There  are  jilaces  near  the  border  of  Lake  Mich- 
igan where  the  drift  is  known  to  exceed  GOO  feet.  Places  in  the 
high  interior  of  the  north  part  of  the  peninsula  may  have  over 
1,000  feet. 

There  is  evidence  that  the  drift  of  this  peninsula  is  not  the 
])roduct  of  a  single  ice  invasicm,  but  instead,  of  two  or  more  in- 
vasious,  between  Avliich  were  long  periods  of  waim  climate  such 
as  prevails  today.  P>etween  the  deposits  of  glacial  material  are 
soils,  and  peat  beds,  and  other  indications  of  tlie  presence  of  vegeta- 
ti(m  such  as  would  thrive  under  a  genial  climate. 

Certain  terms  have  been  applied  by  geologists  and  geographers 
to  the  various  deposits,  and  the  forms  or  topographic  features  of 
the  drift,  and  also  to  deposits  produced  by  waters  issuing  from 
the  ice.    Among  the  most  j)iominent  of  the  topographic  features 
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are  tlie  belts  of  rolling  .  or  hummock y  surfaced  drift  termed 
moraines.  These  belts  have  been  followed  in  some  cases  for  scores 
and  even  hundreds  of  miles  in  their  broad  sweep  around  the  basins 
of  our  Great  Lakes,  and  across  other  districts.  They  were  formed 
at  places  where  the  edge  of  the  ice  held  a  nearly  constant  position 
for  a  long  period,  and,  by  a  contintial  advance  to  this  line,  brought 
in  the  material  which  furnished  the  irregular  surfaced  moraines. 
The  uneven  surface  of  the  moraines  is  probably  due  largely  to 
differences  in  the  dirtiness  of  the  ice.  The  dirtiest  parts  upon 
melting  would  furnish  the  material  for  the  htmmaocks,  while  the 
cleanest  parts  would  fall  short  of  buildings  up  the  surface  and 
leave  corresponding  depressions.  It  is  probable  also  that  some 
inequality  of  surface  is  due  to  disturbance  of  the  material  by  ice 
movement.  The  map  of  the  surface  formations  (Plate  I)  represents 
the  moraines  of  this  peninsula  and  these  will  be  discussed  more 
fully  farther  on. 

While  the  ice  was  forming  a  given  moraine,  the  water  escaping 
from  it  is  found  to  have  spread  out  broad  plains  of  sand  and 
gravel  on  ground  immediately  outside  over  which  the  water  es- 
caped. These  plains  are  known  as  outicash  aprons  and  are 
notably  prominent  features  of  the  Southern  Peninsula.  There  are 
otlier  sandy  plains  less  definitely  related  to  the  ice  border,  to  which 
a  special  symbol  has  been  applied  in  the  glacial  map.  These  were 
probably  formed  in  some  cases  as  an  outwash  during  rapid  recession 
of  tlio  ice  from  one  moraine  to  another.  In  other  cases  the  sandy 
deposits  may  liave  been  made  under  tbe  margin  of  the  ice.  In 
all  cMscs  they  indicate  the  influence  of  water  (See  Plate  III  1^). 
It  is  perhajis  more  i-eniai-kable  that  in  tlie  course  of  melting  the 
ice,  (jver  larg<*  areas,  failed  to  mak(^  such  de]>osits,  than  that  they 
shonid  <»ccnr  to  the  extent  shown  on  the  glacial  niajt, 

()\(M'  ^\  idc  areas  l\  ing  between  inorjnn(\s,  tiiere  are  j)lains  \\  '\\\\ 
bonhlci-  cl:iy  at  surface,  and  with  scarcely  any  c(>ating  of  sandy 
niatcri;il  such  as  Fniglit  be  left  along  the  receding  ice  border.  These 
are  known  as  ////  jdains,  till  being  a  te<linical  nanu*  foi-  boulder 
clay.  Their  extent  is  set  forth  on  ;lie  gl;ici;il  inaji.  Thev  are 
excepti<uially  br<»;id  in  iln-  disiri<  t  snuliiwesi  of  Snginaw  Ilav. 

On  portions  of  till  |»lains  in  i-esliicled  ureas  d ru nil i ns,  lu*  Muall 
oval  to  elliptical  hills  <»f  lMUil(i<'r  clay,  aie  f(uind.  \\  hose  lougt-r  axis 
corresponds  in  trend  (o  the  general  dii'cction  of  ice  inovcnicnl. 
They  ;iie  esperi;illy  numerous  in  the  (liimd  Tr;i\erse  i-<'gion.  ;ind 
sh(»\\  ;i  divergence  in  treiul  to  conform  to  the  ice  mo\<*menl. 

On  certain  other  till  plains,  :ind  also  t(»  smne  exteiit  ;Miinii<; 
the  drumlins,  r.s/.rr.v.  (  IM;ite  I  \'  Ai  <tv  sh;ir|»  ridges  (»f  gra\el  :ind 
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sand,  are  found.  Tliev  also  have  a  trend  conformable  to  the  di- 
rection of  the  movement  of  the  ice.  They  are  so  sharp  as  to  be 
pox)nlarly  classed  as  "hog  backs-'  and  are  often  as  steep  as  the 
ordinary  railroad  embankments.  They  usually  stand  20  to  40 
feet  or  more  above  the  bordering  plains,  and  have  lengths  of  several 
miles,  thus  constituting  striking  and  puzzling  features.  The  sus- 
taining walls  of  the  ice  which  confined  the  gravel  deposition  to  nar- 
row tunnels,  as  pointed  out  by  the  late  I.  O.  Russell,  having  now 
disappeared,  one  must  in  imagination  restore  it,  to  reach  a  satis- 
factory understanding  of  the  mode  of  development  of  these  ridges. 
As  discovered  by  Russell  in  his  Alaskan  studies,  streams  running 
in  tunnels  at  or  near  the  base  of  the  ice  sheet  became  in  time 
clogged  up  Avith  the  gravel  and  sand  which  they  Avere  carrying,  so 
that  upon  the  melting  of  the  ice  and  cessation  of  stream  action 
the  deposits  came  to  be  left  as  ridges  of  dimensions  correspond- 
ing to  the  size  of  the  tunnels.  The  Mason  and  Rives  eskers  south 
of  Lansing,  and  numerous  others  in  the  district  sotith  of  Saginaw 
Bay,  form  tbe  most  conspicuous  instances  in  the  Southern  Penin- 
sula, but  they  are  scattered  wideh^  over  the  state.  Sharp  gravel 
hills  knoAvn  as  lyiuies  also  abound  throughout  the  state.  (IMate 
IV  B  and  VI  A.)  They  often  appear  in  groiips  at  the  terminus 
of  an  esker,  as  well  as  in  other  situations. 

ALTITUDE. 

The  topographic  map  (Plate  5)  brings  out  the  essential  features 
of  altitude  and  relief  of  this  drift  covered  region.  It  is  based  on 
a  more  elaborate  map  with  100  foot  contours  published  in  Water 
Supply  Paper  No.  182,  U.  S.  Geological  Survey,  Plate  II. 

It  appears  that  the  highest  part  of  this  peninsula  lies  a  few 
miles  southeast  of  Cadillac  near  the  corners  of  Wexford,  Missau- 
kee and  Osceola  counties.  There  are  two  hills  in  the  edge  of  Osceola 
county,  about  li^  miles  south  of  the  county  (  (jmers,  that  by  aneroid 
measurement  rise  above  1,700  feet,  and  an  area  of  perhaps  2  square 
miles  stands  above  1,(KI0  feet.  An  area  of  only  00  square  miles, 
or  about  one-seventh  of  one  percent  of  the  peninsula,  stands  above 
1,400  feet.  This  is  mainly  embraced  in  the  three  counties  just 
mentioned  but  includes  small  areas  in  Otsego  county  both  north 
and  south  of  Gaylord.  The  areas  standing  above  1,200  feet  amount 
to  about  1,500  square  miles  or  nearly  32  per  cent  of  the  peninsula 
and  are  found  chiefly  in  the  northern  half  and  very  largely  in  five 
counties,  Osceola,  Wexford,  Missaukee,  Crawford,  and  Otsego. 
There  are  only  very  small  areas,  amounting  to  less  than  o  s(iuare 
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miles,  in  the  southern  part  of  the  peninsula,  chiefly  in  Hillsdale 
county,  but  one  such  area  is  found  on  the  line  of  Lapeer  and  Oak- 
land counties.  It  thus  appears  that  about  96  per  cent  of  the  penin- 
sula falls  bet>veen  1.200  feet  and  the  level  of  Lakes  Michigan  and 
Huron,  580  feet.  Of  this  about  one-half  falls- below  800  feet,  and 
one-third  between  800  and  1,000  feet,  thus  leading  only  one-sixth  of 
the  area  above  1,000  feet,  and  that  is  very  largely  in  the  northern 
half  of  the  peninsula. 

Mr.  W.  F.  Cooper  has  published  a  paper  in  the  Xinth  Report  of 
the  Michigan  Academy  of  Science  which  contains  results  of  plani- 
meter  measurements  of  areas  between  the  100  foot  contours  of  the 
writer's  map  in  Water  Supply  Paper  182.  The  table  of  percent- 
ages found  between  each  contour,  which  Cooper  presents,  seems  to 
contain  some  inaccuracies  in  the  smaller  percentages;  but  whether 
the  larger  are  seriously  inaccurate  has  not  been  ascertained.  He 
reports  the  area  above  1,400  feet  to  be  .002  of  1  percent  or  only 
one-seventieth  of  the  real  amount  (.14  of  1  per  cent).  The  per- 
centage between  1,200  and  1,400  feet  which  he  makes  2.03  per 
cent  seems,  as  stated  above,  to  be  about  3.66  per  cent.  He  omits  the 
area  between  580  and  600  feet  which  is  fully  700  square  miles, 
or  about  2  per  cent.  His  table  gives  98  per  cent  between  600  and 
1,200  feet  where  there  can  be  only  be  about  94  per  cent. 

The  table  presented  by  ^tr.  Cooper  with  the  last  three  incor- 
rect items  omitted  is  as  follows.  It  may  have  some  value  after 
making  the  corrections  just  noted. 

Percentages  of  100  foot  altitfides. 

BY    W.    F.  COOPER. 

Feet  A.  T.  Per  cent. 

600-700    23 

700-S0()   •  2(; 

800-900    21 

900-1,000    14 

LOOO  IJOO    (; 

1,100  1,200    S 


Tlie  dcpai't iii-e  from  :i  diiniii isli iii^  sci  i<'s  of  iMTcciilngcs  i?i  jkiss- 
i  11^' toward  Die  liigiicr  allifiidcs,  (s1io\mi  in  liic  Ijii-^^cr  area  ]>clween 
1,100  and  l,2fK)  feet  fliaii  tlial  hclwi'cii  1.000  mid  1.100  f('<'l  i ,  is  due 
to  an  abrupt  rise  to  a  diifi  plalcau  in  ilic  ikmI liciii  |>:mI  (if  ilio 
]>oninsula,  where  IImm  t  \\  ;is  ii<  ;i\y  deposit  inn  of  ^r|j,,  i;il  :in(i  Ihivio 
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glaeial  material  between  converging  ice  currents,  as  explained  more 
fully  below. 

Without  making  any  allowance  for  the  errors  just  noted,  and 
taking  the  data  as  giyen  in  the  aboye  table,  the  average  altitude 
of  the  peninsula  would  be  835  feet.  The  errors  in  the  part  above 
1,200  feet  seem  to  so  nearly  balance  those  below  600  feet  that  the 
result  is  not  materially  affected.^ 

It  is  noteworthy  that  the  range  in  altitude  of  the  present  sur- 
face  and  of  the  bed  rock  surface,  within  the  limits  of  this  penin- 
sula, are  practically  the  same,  being  about  1,100  feet.  But  it  should 
also  be  noted  that  the  highest  bed  rock  surface  does  not  appear  to 
be,  even  remotely,  responsible  for  the  highest  altitude  of  the  present 
surface.  Tlie  bed  rock  in  the  high  area  southeast  of  Cadillac  in 
all  probability  is  1,000  feet  lower  than  the  highest  points  in  that 
area,  or  about  700  feet  above  the  sea.  In  Hillsdale  and  Jackson 
counties  where  the  rock  surface  attains  its  highest  altitude  there 
is  in  places  only  a  thin  veneer  of  drift,  and  tlie  rock  surface  is 
thus  res])()nsible  for  the  high  altitude,  though  on  Bunday  Hill,  the 
highest  point  in  tliat  region  (1,284  feet),  there  is  probably  nearly 
200  feet  of  drift,  Tlie  prominent  tract  leading  from  Hillsdale 
county  northeastward  to  the  end  of  the  "Tliumb"  also  owes  its 
prominence  to  high  rock  surface.  Tlie  exceptionally  high  tract 
ou  the  line  of  Lapeer  and  Oakland  county,  which  in  one  place  rises, 
by  aneroid  measurement,  above  1,300  feet,  does  not  seem  to  over- 
lie a  correspondingly  high  rock  surface,  but  instead,  if  we  may 
judge  by  a  neighboring  boring  at  Orion,  the  rock  surface  is  nearly 
500  feet  below  this  ])()int,  or  similar  lo  its  altitude  in  neighboring 
lower  districls. 

So  far  as  low  areas  are  concerned,  there  is  only  a  general  corre- 
spondence between  the  drift  surface  and  the  rock  surface.  The 
low  tract  leading  from  Saginaw  Bay  to  Grand  River,  which  as 
shown  below  was  an  outlet  for  glacial  lake  waters,  lies  some  20 
miles  or  more  south  of  the  axis  of  the  low  rock  area  that  extends 
from  Saginaw  Bay,  westward  to  Lake  Michigan. 

DRAINAGE  SYSTEMS. 

The  drainage  of  the  Southern  Peninsula  is  almost  eciually  di- 
vided between  west-flowing  streams  that  enter  Lake  Michigan,  and 
east-flowing  streams  that  enter  the  Huron  and  Erie  basins.  The 
Michigan  basin  is  estimated  to  receive  the  drainage  of  20,500  square 

>Mr.  Cooper  announced  the  average  altitude  to  be  854  ff;et  but  he  evidently  made  an  error 
of  19  feet  in  his  calculations. 
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miles,  while  the  basins  on  the  east  receive  the  drainage  of  20,952 
square  miles.  The  line  separating  the  western  from  the  eastern 
drainage  departs  considerably  from  a  medium  X-S  line  though 
running  the  entire  length  of  the  peninsula.  Xear  Big  Rapids  it 
is  considerably  west  of  the  middle  longitude,  while  near  Howell  it 
is  considerably  east  of  it.  The  great  indentation  made  in  the  penim 
sula  by  Saginaw  Bay  would  cause  the  central  line  of  the  state 
to  pass  considerably  west  of  its  middle  longittide,  and  there  is  no 
great  departure  from  this  central  line.  It  passes  considerably  east 
of  the  highest  land  in  the  peninsula,  that  being  all  drained  to  Lake 
Michigan, 

Of  the  several  river  systems  only  two  of  importance  have,  any 
drainage  area  outside  the  peninsula,  namely  the  two  St.  Joseph 
rivers,  tributary,  the  one  to  Lake  Michigan,  and  the  other  to  the 
Maumee  and  Lake  Erie. 

The  largest  river  system,  that  of  the  Saginaw  and  its  tribtitaries, 
embraces  an  area  of  about  6,250  square  miles,  or  nearly  one-third 
of  the  eastern  drainage.  It  is  a  very  widely  branching  system 
encircling  Saginaw  Bay,  and  is  peculiar  in  having  its  mouth  near 
its  geographic  center,  because  of  the  great  indentation  of  Saginaw 
Bay.  The  Saginaw  drainage  system  combines  several  rivers, 
which,  during  the  existence  of  a  higher  stage  of  water  in  the  Sagi- 
naw basin  (explained  below),  were  independent  streams.  In  their 
lower  courses  all  these  streams  traverse  the  old  lake  bed  and  become 
united  just  before  entering  Saginaw  Bay. 

(Jrand  river  is  second  in  size,  with  a  drainage  area  of  about 
o.OOO  scpiare  miles,  tributary  to  Lake  ^Michigan,  at  Grand  Haven. 
Much  of  the  tliickly  inhabited  portion  of  the  western  part  of  the 
peninsuhi  lies  williin  its  area. 

Tlie  next  river  system  in  size,  St.  Joseph  river  of  the  J.ako 
Michigan  drainage,  embraces  the  southwestern  part  of  the  stale, 
ft  has  (>]\\y  about  2,900  s([iiai'e  miles  of  draiiiMge  area  in  Mich- 
igan. Ilici'c  being  ncai'ly  1,700  sqnjii'c  miles  of  ils  w  .Uci  sIkmI  in 
Indi;in;i.  The  di-.i in;ige  ar(^a  of  I/aw  jmw  i-ivei*,  onci-  4iM)  s<jnjii-e  miles, 
is  inelnded  in  the  jibove  eslinnite,  Ihongh  the  sirejun  is  renlly  inde- 
pen<lenl,  toi-  il  Joins  the  SI.  Joseph  ;il  l>;ike  .Micliigjin  h'\ el  ;iml 
within  a  mile  of  ils  month. 

Other  di':i inji«i('  systems  ;u'e  nincli  sm;iller.  The  ;ire;i  of  the 
Mnskeg<Mi  wjilershed  is  2,70t)  s(|n;ii'e  miles,  while  ihe  K;i  hiin;i/oo. 
Mnnislee  nnd  AnSjible  li;i\'e  each  aliont  1.000  sipiare  miles,  the 
C'heboy^Mn.  1,000;  'I'hnnder  Hay  ii\ei'.  Ll'T-^;  IJaisin  rixcr.  l.IlTi. 
and  Ilni<»!i  ri\er.  1 .0.IO  scpnire  miles.  All  mher  sticams  ha\(' 
each  less  than  1 .000  sfpiaic  miles  of  w  a  I  (  isIkmI. 
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The  sources  of  the  main  streams  are  in  the  high  interior  portions- 
of  the  state.  Several  head  near  together  in  the  elevated  tract  in 
the  southern  part,  near  the  line  of  Jackson  and  Hillsdale  counties. 
This  embraces  the  sources  of  Grand,  Kalamazoo,  and  St.  Joseph 
rivers  of  the  Lake  Michigan  drainage,  and  Raisin  and  St.  Joseph 
rivers  of  the  Lake  Erie  drainage. 

The  elevated  tract  forming  the  ^'Thumb"  of  Michigan,  is  the 
source  of  several  of  the  large  eastern  tributaries  of  the  Saginaw 
river  drainage,  as  well  as  of  Grand  river.  It  is  also  the  source  of 
the  main  streams  tributary  to  the  St.  Clair  and  Lake  Erie  basins, 
and  Detroit  river.  The  northwest  portion  of  the  SaginaAV  drain- 
age system  finds  sources  in  the  elevated  tract  of  the  northern  part 
of  the  peninsula.  In  this  tract  also  head  important  tributaries 
of  Lake  Huron  north  of  Saginaw  Bay,  the  AuSable,  Thunder  Bay, 
and  Cheboygan  rivers.  Only  two  large  tributaries  of  Lake  Michigan 
head  in  the  area,  the  Muskegon  and  Manistee  rivers. 

The  sources  of  the  several  streams  that  head  near  the  line  of 
Hillsdale  and  Jackson  counties  (Grand,  Kalamazoo,  St.  Joseph, 
St.  Joseph  of  the  Maumee,  and  Raisin  river),  are  about  1,100  feet 
above  the  sea,  or  fully  500  feet  above  Lakes  Michigan  and  Erie. 
Their  courses  are  very  largely  over  glacial  deposits,  rock  being 
encountered  at  but  few  places.  They  all  descend  to  tlie  lakes  with- 
out cascades  or  falls,  though  each  has  rapids  that  justify  some 
development  for  water  power. 

The  sources  of  rivers  that  flow  from  the  highlands  or  plateau  in 
the  northern  part  of  the  peninsula  are  at  altitudes  of  1,200  to  1,300 
feet,  thus  giving  a  descent  of  000  to  TOO  feet  to  the  lakes.  Those 
flowing  to  Lake  Huron  and  Saginaw  Bay,  however,  descend  30O 
feet  or  more,  or  to  about  000  or  1,000  feet,  as  small  streams,  in- 
termittent, or  with  weak  flow,  before  combining  to  form  perennial 
streams.  The  real  fall  available  for  water  i)ower  is,  therefore,  only 
300  to  400  feet.  The  two  large  tributaries  of  Lake  Michigan, 
Manistee  and  ^Muskegon  rivers,  descend  gradually  their  entire 
lengths,  and  have  about  GOO  feet  fall.  There  are  occasional  rapids 
along  them  available  for  water  power. 

There  is  a  great  difference  among  the  several  drainage  systems 
in  their  possibilities  for  water  power  development.  Some  are  no 
concentrated  in  their  middle  and  upper  courses  that  they  furnish 
a  large  flow  with  heavy  fall  through  the  lower  course,  which  in 
some  cases  is  rendered  steady  by  the  presence  of  numerous  lakes 
at  the  headwaters.  Others  remain  as  independent  branches  nearly 
to  their  mouths  and  thus  have  little  value  as  a  combined  stream. 
The  first  class  is  Avell  illustrated  by  the  Huron  river  which  has 
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its  iipp^r  course  thickly  set  with  h^kes  and  which  gathers  the 
major  part  of  its  tributary  drainage  at  Dexter  some  9  miles  above 
Ann  Arbor,  and  then  has  a  fall  of  nearly  250  feet  to  its  moatli. 
The  second  class  is  illustrated  especially  well  by  SaginaAv  river, 
and  nearly  as  well  by  Thunder  Bay  river.  The  junction  of  the 
se^-eral  tributaries  of  Saginaw  river  near  the  city  of  Saginaw  is 
practically  at  Lake  Huron  level.  The  branches  of  Thunder  Bay 
river  unite  above  Alpena  at  sufficient  height  to  give  a  fall  of  a 
few  feet  which  is  developed  at  that  city.  Drainage  systems  in 
which  lakes  are  numerous  in  the  head  water  portion  are  the  rule 
rather  than  the  exception  in  this  state  as  may  be  seen  by  reference 
to  the  surface  geology  map  (Plate  I).  There  are  also  several  large 
lakes  near  the  mouths  of  rivers  and  on  intervening  lowlands  along 
the  north  half  of  the  east  shore  of  Lake  Michigan  and  in  the  Che- 
boygan drainage.  They  are  so  nearly  down  to  the  level  of  Lake 
Michigan  and  Huron  that  they  are  of  but  slight  advantage  for 
water  poAver. 
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CHAPTER  II. 
CLIMATIC  CONDITIONS. 

BY  C.  F.  SCHNEIDER. 

The  climate  of  the  Lower  Peninsuhi  of  Michigan  is  insular  to  a 
marked  degree  on  account  of  the  Great  Lakes. 

The  determining  factors  of  climate  for  any  locality  are  chiefly 
latitude  and  the  relative  distribution  of  land  and  water.  Other 
important  factors  are  the  topography  of  its  land  surface  and  the 
situation  of  the  area  in  question,  with  relation  to  the  general  move- 
ment of  the  cyclones  and  anti-cyclones. 

Large  bodies  of  water  tend  to  equalize  the  nearby  land  tem- 
peratures and  this  is  especially  true  of  lower  Michigan,  where  the 
effect  of  the  great  cold  waves  sweeping  down  from  the  nox'tliwest 
is  modified  by  the  warmer  water  of  the  Great  Lakes ;  the  move- 
ment of  these  anti-cyclones,  or  cold  waves,  is  often  deflected  by 
llie  great  bodies  of  water. 

The  effect  of  the  Great  Lakes,  particularly  that  of  Lake  Michigan, 
in  modifying  the  temperature  effect  of  cold  anti-cyclones  and  warm 
cyclonic  storms  makes  for  lower  Michigan  a  more  equable  and 
less  extreme  climate  than  obtains  in  the  states  of  similar  latitude 
on  the  other  side  of  Lake  Michigan.  This  influence  is  very  marked 
in  the  immediate  vicinity  of  Lake  Michigan,  although  apparent 
in  all  i>arts  of  the  Lower  Peninsula;  in  Wisconsin  winter  tempera- 
tures have  frecpiently  continued  from  ten  to  twenty  degrees  lower 
during  periods  of  extreme  cold  weather  than  in  lower  Michigan, 
owing  to  the  warming  influence  of  the  Great  Lake  which  intervenes 
between  the  two.  In  spring  the  influence  of  Lake  Michigan  partic- 
ularly, and  all  of  the  Great  Lakes  in  general,  is  of  untold  value 
ii)  modifying  the  eastward  sweej)  of  early  hot  waves  and  late 
cold  waves.  In  summer  the  refreshing  southwest  to  west  winds 
are  making  the  entire  shore  bordering  on  Lake  Michigan  one  con- 
linuous  summer  resort. 

The  effect  of  this  large  water  area  is  graphically  shown  by 
Pigs.  1  and  2,  which  delineate  the  location  of  the  January  and 
July  isotherms.    The  chaiis  also  show  the  insular  character  of  the 
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Lower  Peninsula;  there  is  a  greater  range  in  mean  monthly  tem- 
jieratures  in  the  northerly  interior  counties  than  in  the  shore  coun- 
ties;  while  the  isotherms  are  drawn  far  to  the  south  along  both 
the  Lake  Michigan  and  Lake  Huron  shore  in  the  summer  and  cor- 
respondingly far  to  the  north  in  winter. 

_  The  modifying  effect  of  the  Great  Lakes  is  quite  markedly  shown 
by  comparing  the  seasonal  ayerage  temperatures  of  Milwaukee 
and  Grand  Hayen,  Ayhose  latitude  is  almost  identical  and  both  of 
which  are  situated  immediately  on  the  shore  of  Lake  Michigan. 
It  is  still  further  illustrated  by  comparison  of  like  data  of  Green 
Bay,  Wisconsin,  and  lyan.  Michigan,  the  former  being  near  the 
shore  of  Lake  Michigan  and  the  latter  being  far  inland  in  Kalkaska 
county,  Michigan. 


SEASONAL  AXD  ANNUAL  MEANS. 


Milwaukee. 

Grand  Haven. 

Green  Bay. 

Ivan. 

Winter  mean  

•->■-> 

26 

18 

•~>  ] 

Spring  mean  

43 

43 

42 

41 

Smmer  mean  

68 

67 

68 

66 

Fall  mean  

49 

49 

47 

46 

Annual  mean  

45 

46 

44 

43 

The  interesting  point  in  a  comparison  of  these  figures  is  that 
the  winter  temjieratuie  at  the  two  ^lichigan  points  is  not  as 
severe  as  the  Wisconsin  data,  while  the  summer  temperatures  are 
not  as  higli. 

A  feature  of  ^ficliigan  climate  in  connection  with  its  soil  pro- 
ductivity, is  the  comparatively  long  days  and  short  nights  due  to 
latitude.  In  lower  Michigan  the  longest  day  of  the  yeai-  at  the 
summer  equinox  is  neai-ly  fifleen  and  one-half  hours  while  at 
Xew  Orleans  Ihc  longest  day  of  the  year  is  only  a  little  more  than 
fonrleen  lionis  in  length.  These  long  days  and  sliorl  nights  dur- 
ing the  cro))  season  ai-e  elinialie  iactors;  the  daylighl  jnonioles  all 
vegetable  growth,  while  the  slnnt  nights  often  pi-evenl  late  frosts 
in  sjjring  and  early  fr(;sls  in  antninn.  On  llie  olln-r  hand,  the 
frostifig  of  the  soil  dniing  the  late  fall  and  early  spiing  gi<'atly 
adds  to  its  vilalily  and  fertility. 

The  topography  of  the  |ieniiisnla  is  so  marUed  iliai  il  exei-ls 
a  general  en'e<t  npon  its  <liiiiale.  bnl  il  has  some  fealnres  thai 
exert  njarked  loral  elferts.  The  high  lands  of  Osrenla.  WCxford, 
Missankee,  Kalkaska  and  Aniiini  eonnties  are  noted  for  their 
great  mow  depth,  hecanse  the  iiioistnic  laden  westerly  w  iiid<  from 
Lnke   Michigan    aie   delbctcd    npwai-d    and    iIh*   relatively  r(ddei- 
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temperature  of  the  liiglier  altitude  condenses  the  moisture  from 
aqueous  vapor;  the  precipitation  formed  is  deposited  as  heavy 
snoAV  from  early  fall  to  early  spring.  Another  marked  snow  belt, 
due  to  similar  conditions  of  a  less  marked  altitude,  extends  from 
northern  Kent  county  to  St.  Joseph  county.  Almost  Invariably 
there  is  more  snowfall  in  these  sections  than  in  counties  to  the 
eastward. 

The  comparatively  warm  water  surface  of  the  Great  Lakes  during 
the  winter  season,  Avitli  its  ascending  currents  of  warm,  moist  air, 
also  produces  an  excessively  great  amount  of  snow  immediately- 
along  all  of  the  lake  shores. 

Another  marked  feature  of  Michigan  climate  is  the  fact  that  it 
is  directly  in  the  path  of  greatest  storm  frequency.  A  large  major- 
ity of  the  great  cyclones  and  anti-cyclones  that  cross  the  United 
States,  or  a  part  of  them,  move  across  the  Lake  region.  Some  of 
these  storms  originate  in  the  Canadian  NorthAvest  and  move  east- 
ward across  the  Lake  Superior  district  to  the  St.  Lawrence  Yalley. 
Another  class  move  from  the  Canadian  Northwest  to  tlie  middle 
western  portion  of  the  United  States  and  then  northeastward  across 
the  Lake  region  to  the  St.  Lawrence  Valley.  A  third  class  either 
forms  over  tlie  middle  western  portion  of  the  L^nited  States  or 
moves  from  the  far  southwest  to  that  locality  and  then  across  the 
Lake  region  to  the  St.  Lawrence  Valley. 

The  cyclonic  storms  vary  in  size,  their  average  Avidtli  being  about 
a  rhousand  miles.  Their  advance  is  marked  by  comparatively 
higlier  temperalures,  increasing  cloudiness  and  precipitation.  The 
anti-cyclonic  storms,  Avliich  are  areas  of  high  barometric  pressure, 
are  characterized  in  their  advance  by  colder,  clearing  weather. 

The  circulation  of  the  wind  in  a  cyclone  is  spirally  inward  and 
in  tlie  direction  opposite  io  the  movement  of  the  hands  of  a  watch. 
The  circulation  of  the  air  about  an  area  of  high  barometric  pres- 
sure, or  an  anticyclone,  is  outward,  circulatory  and  in  tlie  same 
direction  as  the  movement  of  the  hands  of  a,  Avatch. .  The  intensity 
of  these  storms  is  largely  dependent  on  the  intensity  of  barometric 
gradient,  which  in  turn  is  modified  or  increased  by  the  proximity 
of  otlier  cyclones  and  anti-cyclones. 

In  this  connection,  it  may  be  proper  to  define  the  difference  be- 
tween the  cyclone  and  the  tornado,  the  latter  differing  from  the 
cyclone  in  being  very  much  smaller  in  area,  more  intense  in  action 
and  of  shorter  duration.  The  tornado  is  really  a  part  of  the  cyclone, 
l)ut  a  large  majority  of  North  American  cyclones  are  not  accom- 
panied by  toinadoes.  Cyclones,  or  large  areas  of  barometric  de- 
pression, cross  the  state  on  an  average  of  once  every  three  or  four 
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davs,  while  the  tornado  is  of  rather  unusual  occurrence.  Tornadoes 
usually  occtir  during  the  afternoon  and  are  of  the  most  violent 
of  all  atmospheric  disturbances.  Thev  are  characterized  by  a  pend- 
ant, funnel  shaped  clotid  and  their  path  is  usually  not  more  than 
two  hundred  feet  wide,  never  more  than  one  mile,  and  their  track 
rarely  exceeds  ten  miles  in  length :  the  ftmnel  shaped  clotid  has 
a  violent  rotary  motion  in  the  direction  opposite  to  the  hands  of 
a  watch  and  the  power  of  demolishing  buildings,  uprooting  trees 
and  otherrs^ise  doing  great  damage. 

Michigan  is  seldom  visited  by  tornadoes.  The  most  destructive 
stormfi  of  this  character  occurred  on  May  25,  1896.  in  Oakland 
county  and  at  Omer,  Arenac  county,  on  May  24.  1897.  In  recent 
years  the  most  destructive  tornado  occurred  at  Owosso  on  Xovem- 
ber  11,  1911.  and  at  the  very  unusual  hour  of  about  11  p.  m. 

TEMPERATURE. 

The  mean  annual  temperature  of  lower  Michigan  as  a  whole, 
is  about  forty-six  degrees,  ranging  from  forty-nine  degrees  in 
the  extreme  southwestern  part  to  forty-two  degrees  in  the  extreme 
northeasterly  portion.  The  average  maximum,  or  day  temperature, 
ranges  from  about  eighty-two  degrees  in  summer  to  twenty-eight 
degrees  in  winter,  while  the  average  minimum,  or  night  tempera- 
ture in  summer,  is  approximately  fifty-seven  degrees  and  twelve 
degrees  in  winter.  Extreme  temperatures  of  one  hundred  degrees 
or  more  are  not  of  frequent  occurrence,  although  they  have  been 
recorded  at  some  place  on  one  or  two  days  during  a  majority  of  the 
summers  in  the  past  twenty-five  years.  Zero  temperatures  are  an 
invariable  rule  during  most  months  in  the  winter  in  the  northern 
lialf  of  the  peninsula;  in  the  southern  half  of  the  peninsula  zero 
temperatures  usually  occur,  althougli  there  have  been  some  winters 
in  the  extreme  southern  counties  ^^llen  there  lias  beeu  an  entire 
absence  of  zero  temjierature ;  great  extrem(\s  of  temperature  are 
shown  by  P^igs.  .")  and  <».  \>  hieh  cover  an  observation  j>eriod  of  twenty 
five  years. 

Tyong  heiited  sjiells  in  summer  or  abnormally  ]>rotra(  ted  cold  ones 
in  winter  are  very  unusual.  Historical  ones  occurred  in  the  sum- 
mer of  1911  arnl  the  wiiile!-  of  ISl)!).  The  c(uitinue<l  high  tein]»era- 
tnre.s  prevailing  during  the  latter  ]»art  of  .hiue  and  the  early  half 
of  July  in  UM  1  w  ere  phenouienal  and  had  ne\er  Im  Inic  heeu  e<|ualle<l 
a8  far  as  length  of  time  is  concenuMl.  On  the  other  hand,  the 
phenomenjil  cold  weather  ^\hich  nccun-cd  (luring  the  secdud  and 
third   decades  of   iM-bruary.   1S!M).   niarked    the   longest    ]ierio(l  of 
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low  temperatures  known.  A  strong  factor  of  determining  the  con- 
tinued cold  of  February,  1899,  was  the  freezing  over,  or  rather 
the  covering  with  fields  of  rubble  ice,  of  Lake  Michigan,  thus  form- 
ing a  bridge  instead  of  a  barrier  for  the  advance  of  the  north- 
western cold  wave  that  crossed  the  northern  states  that  month. 

FROSTS. 

The  Weather  Bureau  is  in  possession  of  a  twenty -five  year  record 
from  a  large  number  of  places  in  the  Lower  Peninsula  from  which 
it  has  been  able  to  determine  the  average  date  of  the  last  killing 
frost  in  spring  and  the  first  in  autumn  and  using  these  dates  as 
boundaries,  we  can  mark  the  average  beginning  and  ending  of  crop 
growth  and  determine  the  average  length  of  the  crop  growing 
season  in  days  for  the  difterent  counties  of  the  state. 

As  a  rule,  destructive  frosts  do  not  occur  after  May  15th  in  the 
spring  nor  earlier  than  September  80th  in  the  fall.  Over  a  large 
part  of  the  Southern  Peninsula  killing  frosts  do  not  occur  until 
October  1st.  This  gives  an  average  of  one  hundred  and  forty-five 
days  or  nearly  five  months  Avhen,  under  average  conditions,  there 
will  be  no  destructive  frosts.  The  shortest  crop  period  obtains  over 
the  extreme  northeastern  portion  of  the  peninsuhi,  where  tlie  aver- 
age length  of  tlie  season  is  one  hundred  and  thirty  days,  while 
over  the  extreme  southwest  portion,  the  average  is  one  hundred 
and  sixty  days.  All  of  tliis  information  is  graphically  shown  by 
Figs.  7,  8  and  9. 

PRECIPITATION. 

Agriculture  as  adapted  to  most  any  part  of  the  United  States, 
requires  from  twenty  to  twenty-four  inches  of  annual  precipitation 
properly  distributed  as  a  minimum  amount  to  grow  successful 
crops  without  irrigation.  A  well  distributed  annual  amount  varying 
from  twenty-six  to  thirty  inclies  is  ample  for  successful  agricnilture, 
while  amounts  exceeding  thirty  inches,  if  well  distributed,  are 
not  injurious  to  the  class  of  crops  grown  in  Michigan,  unless  more 
than  forty  inclies  per  year. 

The  average  annual  precipitation,  which  includes  melted  snow, 
hail,  sleet  and  rain,  is  shown  by  Fig.  4,  being  the  greatest  in  the 
extreme  southern  part  of  the  state  and  least  in  the  northern  part. 
The  general  average  for  the  entire  peninsula  is  approximately 
thirty  inches.  The  distribution  throughout  the  year  can  be  better 
illustrated  than  described  and  is  shown  by  Fig.  11  for  each  of 
the  three  geographical  subdivisions  of  the  Lower  Peninsula.  It 
is  noticeable  that  the  summer  precipitation  is  greater  in  the  south- 
ern part  of  the  state  during  the  months  of  May,  June  and  July, 
than  in  the  northerly  portions. 
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AVERAOE  MONTHLY  PRECIPITATION. 
Northern  Section- 
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The  average  depth  of  sno^^lfall  for  each  of  the  three  sections  can 
be  found  in  tables  on  following  pages.  It  will  be  noted  that  snow 
has  never  been  known  to  occur  in  July  and  August,  rarely  in  June 
and  September,  but  that  it  usually  occurs  first  during  October,  in- 
creasing in  amount  to  the  end  of  January,  after  which  there  is  a 
decrease  in  amount,  which  practically  ends  in  April.  Light  falls 
are  quite  usual  during  May.  Nearly  sixty  inches  of  snow  falls 
annually  in  all  counties  of  the  Lower  Peninsula. 

DROUGHT. 

Short  and  irregular  periods  of  drought  over  limited  portions  of 
the  state  have  occurred  from  time  to  time,  but  long  periods  of  de- 
ficient precipitation  are  rare.  An  exact  statement  of  the  conditions 
which  actually  constitute  a  severe  drought  are  hard  to  make,  be- 
cause much  depends  not  only  upon  the  length  of  time  that  there 
is  an  absence  of  rainfall,  but  upon  the  condition  of  the  soil  when 
deficient  periods  of  rainfall  begin,  the  time  of  year  when  the  de- 
ficiency actually  occurs  and  from  an  agricultural  standpoint,  the 
texture  of  the  soil  and  other  physical  conditions  also  have  a  bear- 
ing. Professor  Henry  in  his  Climatology  of  the  United  States,  notes 
that  the  greatest  drought  this  country  has  ever  experienced  in  the 
last  one  hundred  years,  both  as  to  intensity  and  extent  of  territory 
covered,  extended  over  the  middle  Mississippi  and  ^Missouri  valleys, 
the  Lake  region  and  Atlantic  Coast  districts  from  early  summer 
of  1804  until  about  the  first  of  August,  1895,  the  precipitation  de 
ficiency  being  about  ten  inclies.  Since  then  tliere  has  been  no  gen 
eral  serious  drouglit  in  ^lichigan. 

Previous  to  1804  moderately  severe  droughts  had  occurred  in 
Michigan  in  1881  and  1887. 

SUNSriIXK. 

'I'lic  simsliiiic  aiiiiiially  will  ;i\ somewlint  over  lilly  per 
cent,  of  llic  possible  :iiintiiiil,  Ihc  |km-c(Mi jag(^  being  imirli  higher 
dni'ing  the  jx-iiod  ex  I  oiid  iii^i  tidiii  .M:iy  jo  llic  iiiiddic  of  Oclobcr, 
than  dnriiig  IIh'  wiiilci'.  iiioiil  lis.  I)ni-iiig  I  )('(('iiiIm'I',  .himiai'v  Miid 
Febnini'v  it  sonic  limes  IjiIIs  :is  low  ;is  Iwcnly  per  ccnl.  «tl'  !Ih* 
I»OSsihh'  nnionni,  while  (liiriiiL:  •Iiiiie.  .hilv,  Aii^nsl  niid  Sepleiiiher 
it  exee(»(lH  sixl\  ;ind  some  limes  se\enly  per  <-en(.  of  llie  possible 
jmionnt.  Ah  a  rule,  .Inly  is  the  sunniest  month  and  December  tin* 
('loneliest. 
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WINDS. 

The  prevailing  winds  for  the  greater  part  of  the  year  are  from 
the  west  and  the  average  hourly  velocity  ranges  from  twelve  and 
one-half  miles  per  hour  in  March  and  April  to  a  minimum  of  about 
nine  miles  per  hour  in  August  and  September.  The  wind  is  mostly 
from  the  west  and  southwest  during  the  first  three  months  of  the 
year  and  from  June  to  December;  while  the  prevailing  direction 
is  mostly  southwesterly  during  the  months  of  April  and  May,  quite 
a  large  period  but  less  than  a  majority  of  the  time,  the  surface 
movement  of  the  air  is  from  the  east  and  northeast. 

Maximum  velocities  of  short  duration  ranging  from  twenty-five 
to  for-ty  miles  per  hour,  occur  during  most  months  of  the  year  and 
velocities  from  forty  to  sixty  miles  an  hour  are  not  uncommon  but 
rather  infrequent.  Extreme  velocities  of  sixty  miles  and  over  are 
of  comparatively  rare  occurrence;  at  Grand  Kapids  the  wind  veloc- 
it}^  has  not  exceeded  sixty  miles  but  twice  in  the  past  nine  years. 

Winds  are  more  variable  during  the  cooler  half  of  the  year.  At 
all  seasons  the  southerly  winds  are  usually  warm  and  moist,  the 
northerly  winds  cold  and  dry.  The  easterly  winds  usually  herald 
unsettled  weather,  the  westerly  winds  fair  and  settled  conditions. 

Owing  to  the  fact  that  the  prevailing  summer  winds  are  south- 
westerly, the  shore  of  Lake  Michigan  from  the  southern  limits  of 
the  state  northward  is  rapidly  becoming  one  continuous  sum 
mer  resort,  where  much  relief  can  be  found  during  the  hot  months ; 
the  water  breezes  are  refreshing,  especially  at  night,  and  insure 
greater  comfort  than  can  be  obtained  at  any  jioint  inland. 

RELATIVE  HUMIDITY.  ^ 

There  is  both  an  annual  and  a  diurnal  variation  in  relative 
humidity,  which  is  the  reverse  of  the  temperature.  The  relative 
humidity  is  the  greatest  in  winter  and  the  least  in  summer;  di- 
urnally  it  is  the  greatest  just  before  sunrise,  and  the  least  at 
about  the  time  that  the  maximum  temperature  occurs  in  the  after- 
noon. 

The  average  relative  humidity  for  the  year  as  deduced  from 
observations  taken  at  7  a.  m.  and  7  p.  m.,  is  approximately  seventy- 
two  per  cent.,  the  average  at  7  a.  m.  being  seventy-eight  per  cent., 
and  at  7  p.  m.,  sixty-six  per  cent.  Annually  the  relative  humidity 
is  the  least  during  July,  sixty-two  per  cent.,  and  the  greatest  dur- 
ing January,  eighty-eight  per  cent. 
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CHAPTER  III. 
GLACIAL  FEATURES. 

FEATURES   DUE   TO   EARLY   STAGES   OF  GLACIATION. 

As  already  indicated,  the  glacial  deposits  furnish,  evidences  of 
repeated  glaciations,  between  which  were  long  periods  in  which 
the  glaciated  districts  were  free  from  ice.  Michigan  has  not  so 
varied  lines  of  evidence  as  certain  states  farther  south,  notably 
Iowa,  Illinois  and  Indiana,  in  support  of  the  diversity  of  the  glacial 
period.  There  are,  however,  clear  evidences,  in  this  state,  such  as 
buried  soils  and  peat  beds,  between  the  drift  sheets,  and  weathered 
and  indurated  glacial  deposits,  beneath  fresh  and  unindurated 
ones.  The  amount  of  weathering  and  cementation,  or  induration, 
of  the  older  drift,  that  occurred  before  the  deposition  of  the 
younger,  measures  the  length  of  time  that  must  have  elapsed  be- 
tween the  glaciations.  It  is  found  to  be  much  greater  than  the 
surface  Aveathering  and  alteration  in  the  uppermost  or  youngest 
drift.  In  districts  farther  south,  where  the  older  drift  extends 
outside  the  limits  of  the  younger,  there  is  opportunity  to  study 
relative  amounts  of  erosion,  as  well  as  of  weathering,  and  to  see 
much  wider  exposures  of  the  older  drift  than  can  be  found  inside 
the  limits  of  the  younger  drift. 

In  Michigan  the  differences  in  the  hardness  of  the  older  and 
younger  drift  is  so  great  that  many  well  drillers  have  come  to 
recognize  the  ditl'erences,  and  to  apply  tlie  name  hardpan  to  the 
older  and  harder  dei)osit.  In  places  the  younger  drift  covers  it  to 
a  depth  of  100  feet,  but  more  frequently  it  is  buried  to  a  depth  of 
less  tlian  50  feet.  On  tlie  coast  of  Lake  Huron,  between  Port 
Huron  and  the  point  of  the  ''Thumb,"  there  are  places  Avhere  the 
older  drift  forms  part  of  the  lake  blulf,  as  shown  in  Plate  VII. 
The  induration  is  so  great  that  some  of  the  small  streams  cascade 
over  the  hard  beds  of  old  drift  at  their  mouths.  There  are  other 
exposures  of  old  drift  along  streams  in  the  southeastern  part  of 
the  state. 

isfear  Avoca,  St.  Clair  county,  on  a  tributary  of  Black  river, 
a  black  soil  and  peaty  bed  lies  between  the  old  drift  and  the 
overlying  young  drift.  A  similar  exposure  was  found  near  East 
Fremont,  Sanilac  county.     (Plate  VIII  B.)     A  buried  soil  be- 
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tween  two  glacial  drifts  has  been  occasionally  struck  in  wells  in 
Michigan,  but  such  a  soil  seems  to  be  less  widely  preserved  than 
in  Indiana  and  Illinois.  An  area  of  several  square  miles,  how- 
ever, is  found  in  Hillsdale  county,  a  few  miles  southeast  of  Hills- 
dale, in  which  the  deep  wells  in  many  cases  pass  through  a  buried 
soil  between  the  drift  sheets.  Another  such  area  was  found  in 
Allegan  county,  a  few  miles  southeast  of  Allegan,  and  a  third  in 
Oceana  county,  in  a  flowing  well  district  west  of  Shelby. 

The  older  drift  deposits  not  only  form  the  main  filling  in  the 
old  valleys  and  lowlands,  but  they  have  b^en  in  places  heaped 
up  into  prominent  ridges.  Some  of  the  large  morainic  ridges  of 
the  southeastern  part  of  the  state  consist  largely  of  the  old  drift, 
over  which  the  younger  drift  has  formed  a  veneer,  ranging  from 
a  few  feet  up  to  100  feet  or  more.  The  preglacial  topography  seems 
to  have  been  such  as  to  produce  a  lobation  in  the  earlier  glaciation, 
somewhat  similar  to  that  known  to  have  occurred  in  the  later. 
There  was  apparently  a  Saginaw  lobe  and  a  Huron-Erie  lobe,  sepa- 
rated by  the  elevated  '"Thumb"  of  Michigan,  just  as  in  the  later 
glaciation.  The  elevated  plateau-like  accumulation  of  glacial  ma- 
terial in  the  northeni  part  of  the  peninsula,  in  all  probability,  was 
largely  formed  in  an  early  stage  of  glaciation,  as  suggested  by 
F.  B.  Taylor  in  an  unpublished  paper  presented  in  1910  before 
the  Geological  Society'  of  America.  The  ice  currents  seem  to  have 
converged  toward  this  area  from  the  northwest,  the  northeast, 
and  the  southeast  in  one  of  the  earh^  stages  of  glaciation,  just  as 
they  are  known  to  have  done  in  the  latest  stage,  and  it  would 
be  but  natural  that  a  large  amount  of  drift  should  accumulate 
there.  Tlie  presence  of  such  a  mass  of  drift  as  a  buttress  in  the 
path  of  tlie  later  glaciation,  may  account  for  the  manner  in  which 
sill)  I()l)es  and  fingei'-like  extensions  of  ice  wei-e  develo])ed  on  the 
edge  (jf  the  peninsula,  ])etweeii  the  lakes  and  this  ])latean. 

So  far  as  the  ])resen<  discussion  is  concerned,  there  seems  lit  lie 
need  i'ov  using  ilie  full  list:  of  names  a])i)lied  to  the  sevei*al  drift 
sheets  of  America,  and  their  intervening  soils  and  wealhei'cd  zones. 
Knffice  it  to  say,  that  1her(^  ar(^  found  clear  evidences  of  foui*  dis- 
tinct glaciations,  kno\\  u  as  the  ju'e-Kansan  or  Ne!)raskan.  (he 
Kansan,  the  Illinoian,  ;ind  the  Wisconsin,  each  named  fi-oiu  i^co 
graphic  localities  in  which  it  has  most  ( haractei-ist ic  development. 

Th(»  pre-K;ins;in  ;ind  Kans:in  drifts  jire  well  defined  and  extensive 
de])OsitH  ocnii-  in  (he  region  west  of  IIh'  .M  ississi  p|»i  rivei'.  lliil  it 
is  not  certainly  known  tluit  Ihey  ai'e  repi-esented  in  the  Sou(hei-n 
Peninsula  of  Michigan.     The  fact   that  (•(►pper  is  present   in  (his 
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peninsula,  and  southeastward  from  it  in  western  Ohio,  seems  best 
explained  as  the  result  of  a  southward  ice  movement  from  the 
Lake  Superior  region.  Such  a  movement  is  not  easily  referred  either 
to  the  lllinoian  or  the  Wisconsin  glaciation,  for  each  of  these 
glaciations  was  by  a  south Avestw^ard  ice  movement  into  this  region 
from  the  highlands  east  and  south  of  Hudson  Bay,  by  which  only 
the  Lake  Michigan  basin  w^ould  seem  likely  to  have  received  ice 
from  the  direction  of  copper  bearing  formations  in  the  Superior 
basin.  In  these  earlier  stages,  glaciation  seems  to  have  been  more 
vigorous  in  the  central  part  of  Canada  than  in  the  eastern,  and 
it  may  have  extended  southeastward  from  the  Superior  basin 
through  the  Huron  into  Ohio,  and  thus  carried  the  copper  and 
associated  rocks  into  that  state.  The  main  body  of  drift  in  Mich- 
igan seems,  however,  to  have  been  deposited  in  the  lllinoian  and 
Wisconsin  stages  of  glaciation.  The  old  moraines  in  the  south- 
eastern part  of  the  state,  and  the  old  drift  exposed  in  stream  bluffs 
and  along  the  shore  of  Lake  Huron,  appear  to  be  of  lllinoian  age, 
and  to  have  been  brought  in  from  the  northeast  rather  than  from 
the  direction  of  Lake  Superior.  The  great  accumulation  of  drift  in 
the  northern  part  of  the  peninsula  seems  also  best  explained  as 
a  result  of  the  converging  ice  currents  from  the  northeastern 
field  in  the  lllinoian  stage  of  glaciation. 

The  rock  striations  in  the  southeastern  part  of  the  state  all 
seem  referable  to  the  movement  from  the  northeast.  In  the  north- 
ern part  of  the  peninsula  are  striae  bearing  southeastward,  but 
these  seem  better  explained  as  the  result  of  a  local  deflection  of 
ice  currents  in  the  closing  part  of  the  last  or  Wisconsin  glaciation 
tlian  as  the  product  of  a  pre-Illinoian  glaciation.  The  case  is  not 
similar  to  that  noted  at  Calumet,  and  discussed  in  the  Northern 
Peninsula  report.  There  the  southeastward  bearing  striae  are 
preserved  only  on  the  northwest  face  of  a  sloping  rock  surface, 
where  the  later  movement  from  the  east  could  not  touch  them. 
They  seem  likely,  therefore,  to  pertain  to  an  early  movement,  prob- 
ably Kansan  if  not  pre-Kansan.  But  the  exposures  of  striated 
ledges  in  the  north  par-t  of  the  Southern  l*eninsula  are  such  as  to  be 
in  the  line  of  attack  of  ice  from  the  northeast.  So  their  preserva- 
tion seems  best  explained  as  the  result  of  a  local  deflection  of  the 
latest  glaciation. 

^  MORAINES  AND  THEIR  OUTWASII. 

The  moraines  as  shown  by  the  glacial  map  are  related  to  several 
rather  distinct  ice  lobes  which  varied  greatly  in  outline  from  time 
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to  time.  Those  on  the  western  side  of  the  peninsula  pertain  to 
an  ice  lobe  in  the  Lake  Michigan  basin  which  at  certain 
times  in  the  earlier  and  later  part  of  the  ice  invasion  had 
small  projections,  or  snb  lobes,  in  Grand  Traverse  Bay,  and 
in  Little  Traverse  Bay,  and  the  lakes  along  the  northern  part 
of  the  east  coast  of  Lake  Michig^an.  The  moraines  on  the  eastern 
side  are  especially  well  developed  on  the  borders  of  a  lobe  that 
extended  sonthwestward  from  Saginaw  Bay.  Moraines  farther 
south  on  the  eastern  slope  of  the  ^'Thumb"  pertain  to  a  lobe, 
known  as  the  Huron-Erie,  that  covered  the  southern  part  of  Lake 
Huron,  the  basin  of  Lake  Erie,  and  the  intervening  Ontario  penin- 
sula. Those  north  of  Saginaw  Bay  in  certain  early  and  late  stages 
of  the  ice  invasion  had  small  sub  lobes,  like  those  in  the  bays  and 
lakes  on  the  east  coast  of  Lake  Michigan,  that  extended  southward 
and  sonthwestward  to  the  elevated  plateau  lying  northwest  of 
Saginaw  Bay. 

The  moraines  show  several  sticcessive  positions  of  the  ice  border 
formed  at  halting  places  or  in  some  cases  at  positions  of  readvance 
in  the  final  stage  of  ice  melting.  When  the  ice  had  its  greatest 
extent,  and  its  border  was  far  to  the  south  in  Ohio,  Indiana,  and 
Illinois,  the  lobes  just  noted  were  all  merged  together  into  a  single 
great  ice  field.  The  lobes  were  a  conspicuous  feature  only  at  partic- 
ular stages  in  the  oncoming  of  the  ice  and  in  its  disappearance. 
The  small  sub  lobes  of  the  northern  part  of  the  peninsula  apparent- 
ly preceded  the  large  Lake  Micliigan  and  Saginaw  Bay  lobes  to  the 
south  in  being  merged  into  a  confluent  ice  mass,  and  were  not 
ditferentiated  in  the  final  stage  of  melting  until  a  somewhat  hiter 
time  than  these  larger  lobes. 

On  tlie  outer  ])Oi'der  of  many  of  the  morjiines  are  found  exten- 
sive plains  of  sand  and  giavel.  foiiiied  as  an  onlwash  from  (lie 
ice  border  dnring  the  develojiinent  of  the  adjacent  moraines.  These 
jrlains  extend  out  to  vaHeys  which  offered  lines  of  (lischaigc  from 
/  the  waters  of  tiic  inching  ice  sheet  through  the  country  from  whicli 
the  ice  had  disapjK'aicd.  These  out  wash  i)lains  and  lines  of  ghicijil 
drainage  form  as  interesting  a  field  of  study  as  the  nn)raincs  tlicjii 
selvPH,  for  there  were  remarkable  shiftings  in  the  (liscli;irgc  of 
the  wjitcrs,  due  to  the  o|iening  of  outlets  which  in  the  cjii  licr  |t;iil 
of  the  ice  melling  iiad  been  co\('re<l  ;ind  bhxived  l»y  llie  i( c  sheet. 

Oiitcriiiosl  iiiorainrH  in  .]f ichif/a ii.  An  inspection  of  ihe  UKUjiines 
;ind  outwnsli  |»I;iins,  shown  on  llie  glacijil  ni;i|t.  will  m;ike  clc;n- 
the  recession  of  the  ice  in  the  hist  or  W  isconsin  giacinl  stage,  'i'he 
earliest  part  of  this  jx-ninsula  to  Imm-ouic  free  fi-om  the  Wisconsin 
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ice  sheet  lies  just  west  of  the  place  where  St.  Joseph  river  passes 
into  Indiana.  The  outermost  moraines  in  this  state  are  those  of 
eastern  Cass  and  southern  St.  Joseph  counties,  east  of  Cassopolis 
and  south  of  Oenterville.  They  were  formed  chiefly  by  ice  moving 
southwestward  from  the  Saginaw  basin,  but  their  western  ends 
seem  to  have  been  covered  by  the  Lake  Michigan  ice  lobe. 

After  forming  these  moraines,  the  ice  border  seems  to  have 
melted  back  somewhat  rapidly  northeastw^ard,  to  a  system  of  mo 
raines  that  iief^;  south  of  Kalamazoo  river,  in  eastern  Kalamazoo 
and  southern  Calhoun  and  northeastern  Branch  counties.  This 
morainic  system  also  was  formed  chiefly  by  the  Saginaw  lobe,  but 
the  portion  trending  southwest  in  eastern  Kalamazoo  county  seems 
to  have  been  covered  and  formed  by  the  Lake  Michigan  ice  lobe, 
while  moraines  in  southeastern  Branch  county,  which  also  trend 
southwest,  are  referred  to  the  Huron-Erie  ice  lobe.  At  the  time  this 
system  of  moraines  was  forming,  the  escaping  glacial  waters  were 
flowing  through  and  forming  the  long  strips  of  sandy  land  leading 
fi'outhwestward  from  southern  Calhoun  county  across  Branch  and 
St.  Joseph  counties  into  Indiana. 

Kalamazoo  J  ad:  son  Morainic  System.  The  next  position  of 
halting  of  the  ice  border  is  marked  by  one  of  the  strongest  mo- 
rainic systems  in  the  state,  known  as  the  Kalamazoo-Jackson  sys- 
tem. A  double  moraine  leading  southwestward  from  southern 
Barry  county  between  Kalamazoo  and  Lawton  and  passing  just 
west  of  Cassopolis  and  Edwardsburg  was  formed  by  the  Lake 
Michigan  ice  lobe  and  is  known  as  the  Kalamazoo  morainic  svs- 
+em.  A  continuation  of  tlie  same  system  but  formed  by  the  Sagi- 
naw lobe  and  known  as  tlie  Jackson  system  leads  soutlieastward 
across  soutliern  liarry,  northeastern  Calhoun  and  southwestern 
-Jackson  county,  into  connection  with  a  system  trending  southwest- 
ward across  Hillsdale  county,  A\'hich  was  formed  by  tlie  Huron- 
Erie  ice  lobe.  From  this  system  of  moraines  an  interesting  net 
Avork  of  glacial  drainage  lines  leads  westward  and  southwestward 
from  Hillsdale  and  Jackson  counties  across  Branch  and  Calhoun 
into  St.  J()sei>h  county,  and  also  southward  from  Barry  across 
Kalamazoo  county  near  the  edge  of  the  Lake  Michigan  lobe. 

Valparaiso-Charlotte  Morainic  System.  From  the  Kalamazoo- 
Jackson  morainic  system  the  ice  border  receded  slightly  Avestward 
to  the  Valparaiso  morainic  system,  which  encircles  the  head  of 
Lake  Michigan  a  short  distance  outside  the  present  limits  of  llie 
lake,  and  which  receives  its  name  from  Valparaiso,  Indiana.  It 
receded  slightly  northeastward  toward  the  Saginaw  basin  inio 
northeastern  P>arry  county  and  tlie  edge  of  Eaton,  Ingham  and 
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Livingston  counties,  and  there  formed  what  has  been  termed  the 
Charlotte  morainic  system.  Its  position  in  the  Huron-Erie  lobe 
was  shifted  but  slightly  to  the  southeast  in  Hillsdale  county  and 
neighboring  parts  of  Lenawee,  Jackson,  and  Washtenaw  county. 

The  drainage  conditions  were,  however,  materially  altered  by 
the  slight  recession  of  the  ice  border.  The  ice  border  for  a  con- 
siderable portion  of  its  course  in  Michigan  was  now  shrinking  to 
lower  levels  and  the  escaping  waters  instead  of  flowing  directly 
away  were  held  for  long  distances  between  the  ice  border  and 
the  outlying  Kalamazoo- Jackson  morainic  system.  The  drainage 
on  the  edge  of  the  Saginaw  lobe  was  westward  at  first  to  Charlotte, 
and  thence  down  Battle  Creek  through  the  Jackson  moraine  to 
the  Ka^lamazoo  valley.  This  it  then  followed  westward  past  Kala- 
mazoo and  back  to  the  inner  edge  of  the  Kalamazoo  morainic  sys- 
tem near  Plainwell.  From  this  place  ii  followed  the  edge  of  the 
Lake  Michigan  lobe  southwestward  past  Mies  into  Indiana,  much 
of  its  course  being  a  narrow  lake  called  Lake  Dowagiac.  Some- 
what later  the  drainage  on  the  edge  of  the  Saginaw  lobe  folloAved 
Thorniipple  valley  past  Hastings  to  Middleville,  and  there  turned 
dovrn  Gun  river  to  Plainwell.  The  drainage  from  the  Huron-Erie 
lobe  seems  also  to  have  followed  somewhat  closely  along  the  edge 
of  the  ice  southwestward  into  northeastern  Indiana. 

The  Scries  of  Slender  Moraines.  Following  the  development  of 
the  Valparaiso-Charlotte  morainic  system  comes  a  series  of  slender 
moraines,  formed  apparently  in  close  succession,  by  each  of  the 
three  great  lobes.  The  Lake  Michigan  series  is  known  as  the 
Lake  Border  morainic  system,  for  it  lies  close  to  the  lake  border 
not  only  in  southwestern  Michigan  but  also  in  northwestern  Indi- 
ana, northeastern  Illinois  and  soulljeastern  Wisconsin.  The  series 
in  tlie  Saginaw  basin  is  exceptionally  full,  there  being  no  less 
than  ten  mcMiibeis  of  sufficient  strength  and  continnity  to  be  traced 
foi-  considei-able  distances.  They  are  distribnled  over  a  iract 
nearly  .")()  miles  wide  at  the  southwest  end  of  Ihe  Saginaw  lobe, 
and  show  with  exceptional  clearness  how  that  ice  lobe  sln-ank 
towai'd  the  limits  of  Saginaw  l>ay.  The  cori'es])()nding  moraines 
of  the  Hnron-Erie  lobe  are  irregnlar  and  disjointed  and  in  places 
weak,  HO  that  the  recession  of  Ihe  ice  iiilo  the  Erie  bjisin  is  not 
well  sluAvn  in  sontheastern  Michigiiii.  II  is.  however,  ch'jn-ly  sh(>\Mi 
in  neighboi'ing  p;irls  of  Indianji  ;in<l  t)lii(»  im'jii-  lh<*  :ixis  of  jho 
lobe.      In   the  coiii'sc  of  ('h»|MiM'ii I    of   jhi'sc   nioi-niiics  Ihr 

ire  vacnlcd  a  hii'gc  pait  of  the  Soiiliicrn  rcninsiilji,  iiihI  ('\|m»s('<I 
the  high  tableland  northwest   of  Saginaw    |{;iy,  as  well   as  low 
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tracts  bordering  the  Bay.  On  the  borders  of  this  tableland,  how- 
ever, this  series  is  massed  into  a  single  large  moraine. 

The  glacial  drainage  in  connection  with  the  series  of  moraines 
of  the  Lake  Border  morainic  system  and  its  correlatives  is  excep- 
tionally interesting  in  the  amount  of  shiftmg  shown,  and  in  the 
adjustment  to  the  ice  border  and  tJie  outlying  topographic  condi- 
tions. 

The  drainage  from  the  southern  end  of  the  Lake  Michigan  lobe, 
and  e^'entually  from  much  of  that  lobe,  was  through  a  lake  at  the 
head  of  the  present  Lake  Michigan,  known  as  Lake  Chicago,  and 
thence  southwestward  to  the  Illinois  and  Mississippi,  through  what 
has  been  termed  the  Chicago  outlet.  Drainage  from  the  Wisconsin 
side  as  well  as  the  Michigan  side  was  southward  along  the  edge 
of  the  ice  lobe.  The  courses  of  drainage  were,  however,  shifted 
two  or  more  times  to  positions  nearer  the  edge  of  Lake  Michigan 
to  course  along  successive  moraines. 

The  same  conditions  prevailed  at  the  end  of  the  Saginaw  lobe, 
the  waters  in  the  later  stages  being  all  brought  to  Grand  river 
from  the  western  and  southern  edge  of  the  ice  lobe  in  a  succession  of 
courses  controlled  by  moraines  that  follow  one  another  in  narrower 
and  narrower  circuits  in  the  Saginaw  basin.  In  the  earlier  stages 
there  was  considerable  complexity  which  we  will  attempt  to  briefly 
outline. 

Glacial  Drainage  Beticeen  the  Saginaiv  and  Michigan  Lohes.  As 
the  Lake  Michigan  and  Saginaw  Bay  lobes  became  separated  in 
the  district  north  of  Grand  Rapids,  a  line  of  glacial  drainage  was 
developed  between  the  ice  lobes,  which  at  first  had  its  head  near 
the  junction  of  Little  Muskegon  with  the  Muskegon  river  east  of 
Newaygo.  The  glacial  drainage  from  the  Saginaw  lobe  was  then 
lengthened  northward,  first  along  Muskegon  river,  and  later  along 
Little  Muskegon  river,  while  that  from  the  Michigan  lobe  was 
forming  the  great  outwash  plain  west  of  Cadillac  and  a  plexus  of 
gravel  plains  in  Newaygo  and  Lake  counties.  Then  for  some  time 
the  Muskegon  valley  served  as  a  line  of  discharge  for  waters  that 
came  in  from  the  Saginaw  lobe  near  the  sources  of  the  present 
Muskegon  and  of  the  south  branch  of  the  AuSable  river  in  Ros- 
common county.  The  Manistee  valley  served  as  the  line  of  discharge 
for  waters  from  the  Lake  Michigan  lobe  as  they  entered  its  head- 
waters and  the  headwaters  of  AuSable  river.  From  the  bend  of 
tlie  Manistee  river  in  southeastern  Manistee  county  the  waters  con- 
tinued southward  througli  the  plexus  of  gravel  plains  in  Liike, 
Newaygo  and  Oceana  counties  to  enter  Lake  Chicago  in  Muskegon 
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county.  As  the  Saginaw  lobe  shrank  away  from  the  great  mo- 
rain  ic  belt  of  Clare,  Roscommon,  and  Ogemaw  counties  and  formed 
the  slender  moraines  that  lie  between  it  and  Saginaw  Bay  the 
glacial  drainage  kept  close  to  the  ice  border  and  discharged  south- 
ward to  Grand  river  in  lines  that  were  shifted  as  the  ice  shrank 
eastward  and  lower  passages  were  opened.  Eventually  the  ice 
border  shrank  to  a  position  so  far  east  that  waters  accumulated 
in  front  of  it  to  form  Lake  Saginaw  whose  discharge  was  west- 
ward through  the  Grand  river  outlet  to  Lake  Chicago.  At  the 
same  time  the  Lake  Michigan  lobe  had  receded  to  the  nortli  so 
that  Lake  Chicago  occupied  much  of  the  Lake  Michigan  basin 
and  received  direct  drainage  from  the  major  part  of  the  border 
of  that  lake. 

Glacial  Drainage^  am^d  Lakes  in  the  Huron-Erie  Basin,  The  con- 
ditions on  the  southeast  side  of  the  Saginaw  basin  and  in  the 
Huron-Erie  basin  were  somewhat  simpler  than  in  the  district  be- 
tween the  Saginaw  and  Lake  Michigan  lobes.  There  was  merely 
a  shifting  of  drainage  to  loAver  and  lower  courses  along  the  edge 
of  the  shrinking  ice  lobes  on  each  side  of  the  ^'Thumb."  The 
drainage  from  the  Huron-Erie  lobe  led  south  westward  into  a  glacial 
lake,  known  as  Lake  Maumee,  wliich  at  first  discharged  past  Fort 
Wayne,  Indiana,  to  the  Wabash  river,  but  later  b}'  the  opening  of 
a  lower  passage  across  the  northern  part  of  the  '^Thumb,"  through 
the  recession  of  the  ice,  it  discharged  westward  to  Grand  river  along 
what  is  termed  the  Imlay  outlet,  from  a  city  of  that  name  in 
Lapeer  county  standing  at  the  liead  of  th^  outlet.  Eventually 
the  ice  had  receded  so  far  that  this  lake  became  confluent  witli 
Lake  Saginaw,  noted  above.  For  this  stage  the  names  Lake  Man  nice 
and  Lake  Saignaw  were  dropjxid  and  a  new  name.  Lake  Arkona 
substituted. 

f*ort  Huron  Morainic  System  and  Lake  Whittlesey.  Tlie  next 
iiioraiMic  sysleiii  after  tlie  series  of  slender  moraines  just  described 
is  know  n  as  I  lie  Port  Huron  system.  Tliis  marks  llie  liinils  of 
distinct  readvance  of  tlie  ice  border  as  distinguished  from  a  mere 
Inilt  in  the  coni-se  of  (he  recession  of  the  border.  l>y  this  i(  shonid 
not  be  undersjood  lhat  all  the  moraines  previously  described  mark 
niciM'  iialling  |>la<('s  in  Ihc  recession,  for  cNidcnccs  of  sliglil  rc 
advances  iia\c  been  found  in  con imm  I  ion  w  illi  some  «»f  llicm.  TIic 
l*f»rt  TFnron  morainic  system  s(enis,  how  ex  ci-.  lo  maik  a  nidie 
in-ononinc'i  readvance  Mian  any  of  the  nioraiiK's  onlsi<h'  il  in  (his 
jK'ninsnhi.  'I'his  j-ead\aiice  ajjpeai-s  also  (o  haxc  allecled  llie  i<'e, 
border  onci-  a   \(My  widi*  area  exlen<ling    from    (he  Adirondack 
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Mountains  westward  past  all  the  Great  Lakes  basins  and  across 
Minnesota  into  Canada. 

On  the  borders  of  the  south  part  of  Lake  Huron  and  in  the 
Saginaw  basin  the  readvance  of  the  ice  was  across  part  of  the 
area  occupied  by  Lake  Arkona,  and  was  sufficient  to  dismember  the 
lake,  and  make  separate  the  part  in  the  Saginaw  basin  from  the  main 
body  in  the  P>ie  basin  and  contiguous  lowlands.  The  small  lake 
is  called  the  Later  Lake  Saginaw,  while  the  main  lake  is  called 
Lake  Whittlesey.  This  large  lake  had  a  different  outlet  from  that 
of  Lake  Maumee  and  stood  a  feT\'  feet  lower  than  the  lowest  beach 
of  that  lake.  From  near  Port  Huron  its  waters  flowed  northAvard 
along  the  west  edge  of  the  ice  lobe  to  Ubly  in  Huron  county,  and 
there  turned  westward  along  the  edge  of  the  Saginaw  lobe  into  the 
Later  Lake  Saginaw. 

Turning  now  to  the  distribution  of  the  Port  Huron  morainic 
system,  it  is  found  to  follow  closely  tlie  southern  end  of  Lake 
Huron,  lying  south  of  Saginaw  Bay.  It  also  lies  but  a  few  miles 
back  from  the  shore  of  Sagina^^'  Bay  around  the  entire  coast  of 
that  body  of  water.  The  i)ortion  in  the  Saginaw  basin  is  largely 
waterlaid  and  inconsincuous,  yet  a  ridge  of  sufficient  strength  Ayas 
formtMl  to  govern  tlie  courses  of  Cass  and  Tittibawassee  I'ivers  and 
cause  them  to  flow  for  long  distances  on  its  outer  border  nearly 
])arallel  with  the  shore  of  Saginaw  Bay  before  breaking  through  the 
moraine  at  the  city  of  SaginaA\'.  The  portion  of  the  moraine  border- 
ing the  south  i>art  of  Lake  Huron  is  also  waterlaid  for  a  few  miles 
in  the  yicinity  of  Port  Huron,  but  elsewhere  was  fonned  aboye 
lake  level  and  is  of  considerable  strength.  It  is  separable  in  places 
into  two  or  more  moraines  in  its  landlaid  ])0]'tion. 

In  the  northern  part  of  the  peninsula  the  Port  Huron  morainic 
system  barely  reaches  to  the  northern  edge  of  the  plateau  which 
overlooks  the  northern  part  of  Lake  Huron  and  T^ake  Michigan. 
It  leads  from  the  AuSable  river  east  of  Mio  in  a  northwestward 
course  past  Gaylord  to  the  corners  of  Charlevoix,  Cheboygan,  and 
Otsego  counties  as  a  massive  belt  2  to  8  miles  in  width,  from  which 
spurs  extend  out  toward  Lake  Huron,  in  some  cases  to  distances  of 
several  miles.  There  are  several  disjointed  or  interrujjted  moraines 
between  this  large  ridge  and  the  shore  of  Lake  Huron  in  the  dis- 
trict north  of  Saginaw  P>ay  Avhich  should  perhajis  be  included  in 
this  Port  Huron  system. 

On  passing  from  the  Lake  Huron  to  the  Lake  Michigan  basin  this 
morainic  system  makes  an  abrupt  tui-n  to  the  southwest  and  pre- 
sents even  greater  (•oTnj)l(*xity  than  in  the  Port  Huron  basin.  There 
is  an  onteiinoiaine  which  follows  the  border  of  the  plateau  through 
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Antrim,  Kalkaska,  GraDd  Traverse,  and  Manistee  counties  as  far 
as  the  bend  of  the  Manistee  river  in  southeastern  Manistee  county, 
being  throughout  this  distance  a  ridge  about  1  to  2  miles  in  width 
with  great  relief  on  the  inner  or  western  border  but  very  little 
relief  on  the  outer  or  eastern  border.  From  southeastern  Manistee 
county  sonthward  across  Mason  county  there  are  only  weak  dis- 
jointed ridges  to  mark  the  continuation  of  this  moraine,  and  its 
identification  is  difficult.  It  may  extend  only  to  Pentwater  be- 
fore passing  into  Lake  Michigan.  It  seems  not  unlikely,  however, 
that  a  ridge  which  is  traceable  as  far  south  as  Muskegon  is  to 
be  included  in  the  Port  Huron  morainic  system. 

A  second  well  defined  moraine  of  the  Port  Huron  system  runs 
parallel  to  the  outer  moraine  from  Charlevoix  county  southwest- 
ward  to  the  head  of  Grand  Traverse  Bay,  being  separated  from  it 
only  by  a  narrow  outwash  plain,  traversed  in  part  by  the  Board- 
man  river.  This  moraine  has  spurs  on  its  inner  border  which 
entend  out  several  miles  toward  the  Lake  Michigan  coast,  and 
especially  toward  Grand  Traverse  Bay.  There  seems  to  have  been 
a  sub  lobe  of  the  Lake  Michigan  glacier  occupying  Grand  Traverse 
Bay  which  had  several  projections  into  lowlands  lying  between  the 
morainic  spurs  just  mentioned.  At  the  south  it  divided  into  two 
lobes,  occupied  now  by  the  two  arms  of  Grand  Traverse  Bay,  be- 
tween which  was  formed  the  prominent  ridge  known  locally  as  ^'the 
peninsula."  In  the  district  west  of  Grand  Traverse  Bay,  on  the  pen- 
insula known  as  "the  Horn,"  an  interlobate  moraine  was  developed 
between  the  (irand  Traverse  sub  lobe  and  the  main  Lake  Michigan 
glacier.  From  the  part  of  Ihe  Lake  Micliigan  coast  west  of  Grand 
Traverse  Bay,  southwestward  io  ^Manistee,  llie  Lake  ^lichigan 
glacier  seems  to  have  had  slight  finger-like  ])i()tru>sions  extending 
a  few  miles  inland  fi-oni  llic  ])i*esent  shore,  belween  which  were  de- 
veloped the  jiioinincnl  headlands  whi<'h  characterize^  this  jtorlion 
of  the  coasl.  Aflcr  (lc\ clojiing  these  headlands,  the  glacier,  heforii 
shrinking  within  ihe  limits  of  the  lake,  loriiKMl  a  weaU  moraine 
which  wraps  avonnd  \ho,  western  end  of  these  headlands  and  forms 
slight  loo]>s  ill  the  lowlands  between  them,  and  which  is  liaceahle 
as  fai'  south  as  llie  line  of  Manistee  and  Mason  comilies.  There 
it  passes  inside  I  lie  limits  of  Lake  .Michignn.  The  glacial  drainage 
fi-oni  this  inner  pari  of  llie  i'orl  Huron  morainic  system  is  clearly 
traceable  from  llie  reenlraiil  angle  lM'lw<'cn  Ihe  Lake  Michigan 
and  r^ake  Huron  lobes,  in  ('liarlevoix  coniily,  sont  hwcst  w  ar<l  to 
where  the  waters  eiitere<l  Lake  Chicago,  a  U'W  miles  son'th  of  Manis 
tee.  thongh  in  (h»ing  so  it  traverses  a  distiict  which  is  n<i\\  drained 
to   l>ake   Mi<higan    hy  sev(ral   dilfeiMnt    sti-eams,  as  mav   he  set'ii 
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by  reference  to  the  glacial  map  of  the  surface  formations.  (Plate 
I-) 

There  are^  in  the  northern  part  of  the  peninsula,  nearly  pebble- 
less  clay  deposits  under  the  boulder  clay  and  other  glacial  material 
of  the  Port  Huron  morainic  system,  which  seem  to  have  been  de- 
posited in  lake  waters  that  occupied  the  area_  prior  to  the  read- 
vance  of  the  ice.  They  are  exposed  chiefly  on  the  slopes  of  the 
prominent  ridges  that  lie  between  the  bays  and  the  lowland  areas 
that  project  inland  from  the  present  coast  nearly  to  the  second 
moraine  of  the  Port  Huron  system,  and  have  been  noted  in  nearly 
every  ridge  between  Frankfort  and  Cheboygan.  They  may  be 
present  also  in  the  district  southeast  of  Cheboygan  but  exposures 
were  not  found.  These  clay  deposits  are  known  to  have  great 
thickness,  exposures  of  over  100  feet  thickness  having  been  seen, 
while  borings  are  reported  to  penetrate  even  greater  amounts.  The 
clays  reach  in  places  an  altitude  of  250  to  300  feet  above  Lake 
Michigan,  or  nearly  100  feet  higher  than  that  of  any  beaches  formed 
hy  lake  waters  after  the  final  melting  away  of  the  ice  from  that 
region.  The  altitude,  may,  however,  be  no  greater  than  would  have 
been  reached  by  lake  waters  at  a  time  prior  to  the  development 
of  the  Port  Huron  morainic  system,  for  a  northward  dififerential 
uplift  was  in  progress  in  the  northern  part  of  the  Great  Lakes 
region  near  the  close  of  the  Wisconsin  stage  of  glaciation.  The 
method  of  deposition  of  such  a  thick  body  of  clay  is  somewhat 
])roblematical,  but  there  seems  no  question  that  the  clay  was  laid 
down  in  lake  waters  prior  to  the  readvance  of  ice  marked  by  this 
morainic  system. 

Relation  of  the  Port  Huron  Mominie  Hijstem  to  Lffke  Chicago. 
The  Port  Huron  morainic  system  seems  to  have  been  developed 
at  a  critical  time  in  the  history  of  Lake  Chicago,  during  the  lower- 
ing of  tliat  lake  from  the  highest  beach  to  lower  ones.  P>efore 
the  ice  border  melted  away  from  the  small  Manistee  moraine,  that 
passes  inside  tlie  limits  of  Lake  Michigan  near  Manistee,  the  lake 
had  been  lowered  to  the  level  of  the  third  or  Toleston  beach.  The 
first  and  second  beaches  of  Lake  Chicago  are  traceable  northward 
along  the  east  side  of  the  Michigan  basin  nearly  to  the  southern 
end  of  the  Manistee  moraine,  but  they  do  not  occur  on  that  mo- 
raine. The  lowering  of  the  lake  depended,  of  course,  upon  the 
cutting  down  of  the  Chicago  outlet,  and  not  upon  any  relation  to 
the  ice  border.  The  lowering  to  the  level  of  the  second  beach 
seems  likely  to  have  occurred  near  the  middle  of  the  development  of 
this  morainic  system,  for  the  highest  beach  is  so  weak  as  to  be 
traced  with  some  diflSculty  on  the  slopes  of  the  outer  ridges  of 
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the  system  from  near  Muskegon  northward.  The  lowering  from 
the  second  to  the  third  beach  in  all  probability  took  place  near 
the  end  of  the  development  of  the  Port  Huron  morainic  system. 
The  strength  of  the  second  beach  is  such  as  to  demand  a  length  of 
time  somewhere  near  as  long  as  that  needed  for  the  development 
of  the  later  ridges  of  the  Port  Huron  morainic  system.  This  rela- 
tion of  the  beaches  of  Lake  Chicago  to  ridges  of  the  Port  Huron 
morainic  system  renders  it  feasible  to  make  a  correlation  ^-ith  the 
moraines  of  this  system  on  the  Wisconsin  side  of  the  lake.  The 
correlative  of  the  Manistee  ridge  sets  in  on  the  Wisconsin  side 
at  Three  Eivers  and  runs  northward  along  the  west  coast  into 
the  peninsula  between  Green  Bay  and  Lake  Michigan,  as  the  latest 
ridge  of  a  definite  series  on  that  side  of  the  lake,  and  it  has  only 
the  third  beach  of  Lake  Chicago  on  its  slopes.  There  is  a  ridge 
outside  it  that  is  traceable  southward  to  Port  Washino-ton,  Wis- 
cousin,  that  seems  likely  to  correlate  Avith  one  on  the  Michigan 
side  which  is  traceable  southward  as  far  as  Pentwater,  ^lichioan. 
A  still  earlier  ridge,  apparently  of  this  series,  extends  south  to 
Milwaukee,  and  tliis  seems  likely  to  be  a  correlative  of  one  on 
the  Michigan  side  that  extends  to  Muskegon.  The  highest  Chicago 
beach  is  faintly  developed  on  its  slope,  just  as  on  the  ridge  that 
terminates  near  Mnskegon. 

The  CTie'boygan  Moraine.  Tlie  latest  stand  of  the  ice  border  on 
the  Soutliern  Peninsula  of  ^Michigan  seems  to  have  been  at  a  small 
moraine  that  lies  close  to  the  Lake  Huron  shore  from  the  Straits 
of  Mackinac  southeastward  to  Cheboygan  and  which  is  represented 
for  some  miles  farther  east  by  a  bouldery  strip  without  definite 
morainic  ]'idging.  West  of  Cheboygan  it  is  sufficiently  well  de- 
fined to  be  easily  traced,  thongh  it  is  a  very  slender  ridge,  only 
one-fonrtli  to  one-half  mile  in  widlh  and  20  feet  or  less  in  average 
Iiei^^hl  abf)V('  llic  land  back  of  it. 

Fi'L\'rrRi:s  ijktwee.n  the  :\ioi{aini:s. 

'J'ill  Plains.  Till  jilaiiis  cnibi  jice  I  lie  w  ide  ai-eas  between  inoi  aincs 
over  wliicli  the  ice  fi-ont  apjK'ars  lo  have  made  a  lajtid  recession. 
The  (hilt  is  soinewhal  diverse  in  constitution  and  jexlnre,  being 
in  jd;ices  sandy  and  in  jd.ices  chiyey,  according  lo  Ihe  rclalimi  lo 
the  (li-ainage  f'loni  the  receding  ice  li.trdei-.  There  is  nsnally,  li(»\\ 
ever,  a  thorongh  commingling  of  clay,  sand,  and  slones.  The  snr 
face  is  flat  In  gently  nndnlaling.  Init.  as  a  i-nle.  with  snlVicient 
slope  to  jM'i'fiiil  nf  e;isy  dr;iin;ige.  'i'liese  phi  ins  ;ire  in  genei-al  well 
snited  for      ricn  I  hi  re.  Ihoii^ih  I  In*  s;i  nd  ier  poilioiis  ;ii-e  ijillier  liglil 
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and  need  careful  management.  A  special  convention  has  been  ap- 
plied to  these  sandy  areas  on  the  glacial  map.  The  till  plains  are 
in  places  diversified  by  as  sharp  ridges  and  knolls  as  are  found 
in  moraines.  These  are  classed  according  to  form  or  constitution 
as  eskers,  kames,  or  drumlins,  and  are  taken  up  separately  below. 

EsJcers  mid  Kames.  The  gravel  ridges  termed  eskers  and  ^'hog 
backs,"  as  already  indicated,  radiate  toward  the  ice  border  and  thus 
have  a  trend  nearly  at  a  right  angle  to  that  of  the  moraines.  They 
are  distributed  from  tlie.  southern  to  the  northern  end  of  the 
peninsula,  as  may  be  seen  b}'  reference  to  the  glacial  map.  They  are, 
however,  most  numerous  in  the  area  covered  by  the  Saginaw  lobe, 
and  especially  in  connection  with  the  Charlotte  morainic  system. 

Eskers  are  ordinarily  very  narrow,  steep  sided  ridges  ranging 
in  height  from  a  few  feet  up  to  75  feet  or  more.  While  composed 
chiefly  of  gravel  and  sand  there  is  in  some  cases  a  thin  veneer  of 
boulder  clay  and  in  others  a  bouldery  surface  without  a  notable 
boulder  clay  deposit. 

In  Sanilac  county  are  ridges  of  considerable  breath  up  to  nearly 
one-fourth  mile  that  have  a  trend  toward  the  ice  border,  like  the 
eskers,  but  are  far  more  bulky  than  the  ordinary  esker.  They 
are  composed  largely  of  sand  and  gravel,  but  have  a  general  veneer 
of  boulder  clay.  It  is  probable  that  they  were  formed  under  con- 
ditions somewhat  similar  to  those  for  ordinary  eskers,  so  there  seems 
no  need  to  class  them  separately. 

The  eskers,  though  having  a  soil  of  rather  an  inferior  quality, 
and  being  too  steep  for  easy  cultivation,  are  yet  of  high  connnercial 
value,  since  they  are  an  important  source  of  road  material. 

Kames  are  commonly  knoAvn  as  gravel  knolls.  They  range  from 
low  swells  of  gentle  slope  to  very  steep  hills  ( Tlate  VI  A).  They 
contain  gravelly  and  sandy  glacial  material  in  which  there  is  more 
or  less  boulder  clay  interbedded.  They  are  disposd  in  clusters  and 
isolated  hills  instead  of  in  the  form  of  a  long  ridge  characteristic 
of  the  esker.  They  abound  in  many  of  the  moraines,  and  are  scatter- 
ed widely  over  the  plains  between  the  moraines.  No  attempt  lias 
been  made  to  show  their  distribution  on  the  glacial  map,  since 
they  are  so  widespread  and  abundant  that  time  was  taken  to  map 
only  a  part  of  them  in  the  course  of  the  field  studies.  Already 
much  use  has  been  made  of  them  for  road  matenal  in  almost  every 
county  of  the  state,  and  for  that  purpose  they  are  in  no  way  in- 
ferior to  the  eskers. 

Drumlim.  Drumlins  are  not  so  widely  distributed  in  this  penin- 
sula as  eskers  and  kames,  for  they  are  restricted  to  the  northern 
end  of  the  peninsula  and  to  even  to  the  inner  border  of  the  Port 
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A.       LOOKING  SOUTH  ACROSS  IMLAY  OUTLET,   NEAR  DEANVILLE,  LAPEER 
COUNTY.    PHOTO  BY  F.  B.  TAYLOR. 
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Huron  morainic  system.  The  main  area  lies  between  Little  Traverse 
and  Grand  Traverse  Bay.  but  there  are  a  few  drumlinoidal  hills 
on  the  peninsula  betv^'een  the  arms  of  Grand  Traverse  Bay.  and  in 
the  district  west  of  the  Bay.  There  are  also  a  few  near  Levering 
in  northern  Emmet  county  and  north  and  east  of  Douglass  Lake 
in  Cheboygan  county.-  There  are  several  small  drumlins  east  of 
Mullet  Lake  in  Cheboygan  county,  and  also  a  small  drumlin  dis- 
trict a  few  iniles  west  of  Alpena.  The  drumlins  near  Alpena,  in 
keeping  with  the  striae  bear  southward  or  southeastward  in  a  course 
nearly  parallel  with  neighboring  moraines  instead  of  toward  them. 
This  trend,  as  was  noted,  in  discussing  the  striae,  seems  due  to 
some  local  deflection  of  the  ice  currents,  the  cause  for  which  is  not 
yet  apparent.  The  drumlins  east  of  Mullet  Lake  also  trend  south- 
eastward, though  in  a  district  where  the  moraines  have  a  nearly 
parallel  course.  In  the  Grand  Traverse  region  the  drmnlins  show 
an  interesting  divergence  in  trend  to  correspond  with  the  spread- 
ing of  the  ice  in  the  Grand  Traverse  lobe,  and  are  directed  toward 
the  moraines. 

The  drumlins  range  in  height  from  7.5  feet  or  more  down  to  10 
or  15  feet,  and  in  length  from  fully  a  mile  down  to  one-fourth 
mile  or  less.  They  have  slopes  sufficiently  regular  to  be  easily 
brought  under  cultivation,  though  in  some  cases  they  are  rather 
steep.  The  quality  of  soil  is  usually  of  a  high  order  because  of 
the  clayey  constitution  and  the  well  drained  surface.  Xo  matter 
how  steep  sided,  these  hills  show  remarkable  resistance  to  gullying 
by  the  storm  waters.  Whether  this  resistance  is  due  to  constitution 
or  to  a  peculiarity  of  the  bedding  is  not  determined.  The  drumlins 
under  discussion  seem  to  have  been  formed  by  slow  accretion 
through  a  plastering  process  as  to  the  ice  slieet  moved  over  them 
with  its  coating  of  dirty  material.  The  bedding  planes  in  the 
upper  })Oi-tion  of  the  diMunlins  are  not  horizontal,  but  ai-e  nearly 
concentric  with  the  curved  surface.  So  fai-  as  those  of  this  ]>artic- 
ular  region  are  cfincerned  there  seems  little  ((riestion  that  tliey 
\ver(»  built  up  by  the  ice  at  the  time  it  was  forming  the  neighboring 
moraine  of  the  Tort  Huron  system.  In  ceitain  other  localilies.  as 
for  example  the  Menominee  county  disiri(  t  in  ilie  Xm  lhei  n  IN  ii in- 
sula, there  is  some  (piestion  as  to  whether  they  were  built  n|>  at  the 
time  of  the  neighboring  moraine  toward  which  their  hnigcr  ;ixes 
are  directed,  or  were  merely  shaped  int(»  di  unilin  foi  in  ;ii  that 
time  from  ;in  e;irliei-  deposit  oxer  Nxiiicli  the  ire  she<*t  \\;is  s|»re;id- 
ing. 
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CHAPTER  IV. 
LAKE  FEATURES. 

INTRODUCTORY  STATEMENT. 

It  has  been  known  from  the  earliest  days  of  settlement  that  the 
Great  Lakes  have  covered  wider  areas  than  they  now  occupy.  The 
beaches  are  so  conspicuous  as  to  be  widely  recognized  and  the 
flat  lake  beds  are  in  strong  contrast  to  the  neighboring  glacial 
features.  The  expanded  lakes  are  found  to  have  had  south  westward 
discharges  into  the  Mississippi  drainage,  and  that  too  by  different 
outlets.  One  outlet,  past  Fort  Wayne,  Indiana,  was  a  line  of  dis- 
charge from  the  Erie  basin  to  the  Wabash  river,  while  another,  at 
the  south  end  of  the  Lake  Michigan  basin,  conveyed  water  to  the 
Illinois.  Tlie  Lake  Superior  basin  also  had  an  outlet  from  its  south 
western  end  to  the  St.  Croix,  a  tributary  of  the  Mississippi.  The 
fact  that  these  outlets  are  at  widely  different  altitudes  gave  the 
suggestion  that  the  lakes  in  the  Erie,  the  Michigan  and  the  Superior 
basins  were  at  one  time  independent  bodies  of  water,  and  it  was 
later  shown  that  these  lakes  were  held  in  on  the  northeast  by  the 
great  ice  sheet.  In  the  course  of  their  studies  the  old  shore  lines 
were  found  to  be  tilted,  and  already  considerable  data  are  at 
hand  on  the  extent  of  areas  of  uplift,  and  the  amount  of  earth 
movement  that  has  .  occurred  since  the  lakes  stood  at  these  high 
levels. 

In  a  somewhat  voluminous  report  on  this  region,  by  Mr.  F.  B. 
Taylor  and  the  present  writer,  to  appear  as  a  Monograph  of  the 
United  States  Geological  Survey,  the  literature  of  the  subject  is 
given  due  consideration  and  the  lake  history  is  presented  in  some 
detail.  It  seems  unnecessary^,  therefore,  in  the  present  discussion  to 
do  more  than  give  a  brief  outline. 

LAKE  CHICAGO. 

Outlet  and  Jfcaches.  Lake  Chicago  was  a  body  of  water  held  in 
Ihe  southern  part  of  the  Lake  Michigan  basin  by  the  Lake  Mich- 
igan ice  lobe,  and  its  name  is  taken  from  the  city  whose  site  it 
once  covered.    Its  area  increased  as  that  of  the  ice  lobe  diminished 
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and  decreased  with  any  advance  of  the  ice  lobe  which  may  have 
occurred. 

Lake  Chicago  had  an  outlet  southwestward  through  the  Des- 
Plaines  valley  to  the  Illinois  river  and  thence  to  the  Mississippi 
and  Gulf  of  Mexico.  The  highest  or  Glen  wood  beach  stands  55 
to  60  feet  above  the  present  level  of  Lake  Michigan,  and  about  45 
feet  above  the  head  of  the  outlet.  There  are  two  lower  beaches, 
the  Calumet  about  35  to  40  feet,  and  the  Toleston  20  to  25  feet 
above  Lake  Michigan,  each  of  which  opens  into  the  southwestward 
outlet.  There  are  still  loT\  er  beaches  that  seem  to  have  been  formed 
after  this  outlet  had  been  abandoned,  by  the  opening  of  some  lower 
one  to  tlie  north  and  east.  The  name  Lake  Chicago  is  applied  to 
the  lake  only  so  long  as  it  held  to  its  southwestward  discharge. 

The  outlet  is  a  broad  channel  averaging  more  than  a  mile  in 
width,  cut  largely  in  glacial  deposits  but  with  some  excavation  in 
rock  near  its  head.  It  is  probable  that  the  dropping  from  higher 
to  lower  levels,  shown  by  the  presence  of  distinct  beaches,  has  been 
due  to  giving  way  of  a  rock  barrier  that  had  been  holding  the  lake 
to  the  level  of  a  given  beach.  Had  there  been  a  steady  lowering; 
of  the  head  of  the  outlet  the  beaches  would  be  likely  to  occur  at 
less  definite  and  less  restricted  levels.  Prof.  T.  C.  Chamberlin 
has  suggested  the  removal  of  the  rock  barrier  by  a  stoping  process. 
By  this  process  rapids  may  have  worked  back  head  wards  to  the 
upper  end  of  the  rock  baiTier  wliicli  then  suddenly  gave  way  and 
produced  a  lower  lake  level. 

In  the  Michigan  portion  of  the  beaches  of  Lake  Chicago  the  high- 
est l)each  is  the  one  that  has  suffered  least  from  encroachments  by 
tlie  cutting  back  of  the  shore  of  Lake  Micliigan,  yet  there  are  wide 
stretclies  on  the  coast  in  which  it  also  has  been  removed.  The 
second  find  third  beaches  are  preserved  chietly  in  .recesses  at  bays 
or  mouths  of  riveix,  for  elsewhere  the  bhilVs  of  Lake  Michigan 
comiiHUiIy  rise  :*>.")  feet  or  more  above  its  watei-  sui'face. 

As  noted  in  the  discussion  ai'  the  Tort  Ihii'oii  ni(Hjiinic  system 
tiie  highest  he<ich  is  only  faintly  deveh)|KMl  from  Muskegon  north- 
ward to  the  vicinity  of  Manist(*<*,  while,  because  of  the  j»ersistence 
of  the  ice  sheet,  neither  it  nor  the  second  In^ach  are  found  north 
from  ^fanistee. 

The  pebbleless  (lays  iM'neath  ghicinl  <lc|»osiis  of  the  Tort  Huron 
readvaiice,  as  noted  above,  may  prove  to  be  the  de|)osits  of  Lake 
f*hicagf»  in  a  stage  of  ^^real  exjuinsion  prior  to  lli;il  reihhjince. 

The  third  or  Tr>h*st<ui  beach  may  have  Ihh'ii  only  partly  ilexcloped 
by  Lake  Chicat^o.  It  seems  to  have  iM'cn  comjjleted  by  the  waters  oi 
Lake  Algoiupiin.  whose  area  enihraceil   the  Michigan  as  well  as 
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Huron  basins,  after  a  passage  was  opened  between  these  basins 
by  the  melting  away  of  the  ice  from  the  Straits  of  Mackinac. 

Lake  Bed  Deposits.  Lake  Chicago  covered  a  very  narrow  strip 
on  the  east  side  of  Lake  Michigan,  usually  but  one  to  two  miles 
or  less.  But  from  Holland  northward  across  Ottawa  and  Muske- 
gon counties  it  extended  10  to  25  miles,  beyond  the  limits  of  Lake 
Michigan.  In  this  widest  expansion  its  bed  is  almost  entirely  of 
fine  sand.  There  is  also  more  sand  than  clay  in  the  narrow  strips 
along  the  shore.  The  clayey  portions  have  till  at  only  a  few  inches 
depth,  there  being  very  little  lake  sediment  over  it.  Should  the 
pebbleless  clays  beneatli  the  till  of  the  Port  Huron  morainic  sys- 
tem prove  to  be  the  product  of  Lake  Chicago,  they  would  form 
its  most  conspicuous  c\aj  deposits.  The  east. coast  of  Lake  Mich- 
igan has  suffered  greatly  from  the  encroachment  of  dune  sand 
brought  in  by  wind  from  the  shore  of  the  present  lake.  In  places 
near  the  mouths  of  the  principal  rivers  it  has  been  heaped  to  a 
height  of  150  to  200  feet  above  lake  Michigan  level.  The  high  dunes, 
however,  are  confined  to  Avithin  one  to  two  miles  of  the  shore  of 
Lake  Michigan. 

Tilting  of  the  MicJiigcm  Basin.  The  beaches  of  Lake  Chicago 
are  practically^  horizontal  from  the  south  end  of  the  lake  north- 
ward at  least  to  the  latitude  of  Grand  Haven,  Michigan,  and  Mil- 
waukee, Wisconsin.  A  gradual  rise  in  altitude  is  found  in  passing 
farther  north,  so  that  the  highest  beach  which  is  about  645  feet 
near  Grand  Haven  becomes  670  to  675  feet  in  the  vicinity  of  Lud- 
ington  where  its  northernmost  exposures  are  found.  The  Algonquin 
beach  is  found  to  continue  the  northward  ascent  past  the  northern 
end  of  the  basin.  It  rises  from  about  605  feet  near  Ludington  to 
812  fe<'t  on  Mackinac  Island.  The  I'ise  of  25  feet  in  tlie  higiiest  Lake 
Chicago  beach,  .shown  by  levels  at  Ludington,  is  perhaps  to  be 
attributed  in  part  to  tlie  gravitative  effect  of  the  ice  sheet  tliat  was 
persisting  in  the  northei  ii  part  of  the  Lake  Michigan  basin,  but  cer- 
tain irregularities  in  tlie  slope  seem  to  call  for  earth  movement. 
The  Algonquin  beach  is  practically  horizontal  from  the  southern 
end  of  Lake  Michigan  to  the  latitude  of  Ludington  so  any  earth 
movement  in  districts  south  from  this  parallel  is  likely  to  have  been 
over  with  by  the  time  the  ice  had  vacated  the  Straits  of  Mackinac, 
and  allowed  the  merging  of  Huron  and  Michigan  waters  which 
gave  rise  to  Lake  Algonquin. 

LAKE  MAUMBE. 

Outlets,  Beaches  and  Delta  Deposits.  Lake  Maumee,  named  from 
its  great  extent  in  the  Maumee  basin,  of  northwestern  Ohio  and 
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neighboring  parts  of  Indiana,  Avas  the  first  large  lake  formed  as 
the  ice  border  shrank  into  the  Erie-Maumee  basin. 

The  outlet  of  the  lake  past  Fort  Wayne,  Indiana,  was  across 
the  lowest  available  place  on  the  border  of  the  basin.  Its  altitude 
seems  to  have  been  at  first  about  785  feet,  or  212  feet  above  Lake 
Erie,  but  during  the  operation  of  the  outlet  it  was  cut  down  to 
about  760  feet.  The  lake  at  its  highest  stage  seems  to  have  made 
use  of  this  outlet  alone.  During  the  recession  of  the  ice  northw^ard 
past  the  head  of  the  Imlay  outlet  on  the  ''Thumb,''  the  Fort  Wavne 
outlet  had  been  cut  down  sufficiently  to  cause  a  lower  level  of 
the  lake. 

The  highest  beach  is  only  785  to  790  feet  in  the  vicinity  of  the 
Fort  Wayne  outlet,  but  is  about  800  feet  in  tlie  southern  part  of 
Michigan,  and  nearly  850  feet  in  Lapeer  county  near  the  head  of 
the  Imlay  outlet.  (Plate  YIII  A.)  The  present  altitude  of  the 
head  of  this  outlet  is  805  to  810  feet,  or  about  50  feet  above  the 
bed  of  the  Fort  Wayne  outlet.  Of  this,  several  feet  increase  is 
due  to  peaty  growth,  so  the  floor  as  swept  by  the  lake  outlet  is 
not  far  from  800  feet.  If  50  feet  be  deducted  to  correct  the  differ 
ential  uplift,  it  leaves  the  altitude  at  about  750  feet  at  the  close 
of  the  discharge  tlirough  it,  or  about  10  feet  lower  than  the  bed 
of  the  Fort  Wayne  outlet.  The  Imlay  outlet  opened  into  a  small 
lake  east  and  south  of  Flint,  as  indicated  on  the  ghicial  map.  Tliis 
lake  extended  to  Swartz  Creek.  Thence  westward  there  was  a 
stream  of  gradual  descent  across  Shiawassee  and  Clinton  counties 
to  the  Grand  river  channel  a  feAV  miles  northwest  of  St.  Johns. 

The  mapping  of  the  beaches  and  deltas  of  Lake  Maumee  has 
brought  to  light  interesting  differences  in  their  strength  at  the 
different  lake  levels  which  suggest  a  rather  complicated  lake  liis- 
torv'.  The  liighest  beach  is  very  irregular,  ])robably  because  of  the 
irregularities  in  the  coast,  some  ])laces  being  more  exposed  than 
oth(3rs  to  wave  action.  The  second  beach  is  more  regular,  and  on 
Ihe  wholes  soiiKtwhal  sh-oiigcr  ilian  llic  highest.  There  is  a  (hird 
beach  which  is  geiiei-ally  we^ik  and  in  ])Iaces  dillicnll  (o  li-ace. 
Yel  it  connects  wilh  delta«s  of  greater  slnMiglh  Ihnn  (hose  of  (lie 
higher  levels  of  (he  hike.  The  extent  of  the  del  (as  is  shown  on  (he 
glacial  ni.ip.  They  are  nolably  huge  wlieic  ICnisin  .nid  llnron 
rivers  enlei-ed  (he  hike.  It  seems  iiol  iniprobabh'  (ha(  (he  (hird 
beach  was  par(i;illy  ell'nced  by  ;i  rise  nf  (1h'  lake.  Indeed  in  (he 
]n-es(^n(  s(a((^  of  invest iga(  ion  i(  ;i|)|>e;ii  s  likely  (h;i(  (he  secon<l 
beach  w;is  largely  formed  af(er  ;i  rise  fr<»in  (he  level  of  (he  (hird 
beach.  The  third  beach  is  20  fee(  below  i(  and  se<Mns  a  li((le  (oo 
low  to  r)pen   inio  (he   lni;ily  oii(Ie(.  (hough  ;iliiios(  (<>  (he  level 
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of  its  floor.  The  outlet  at  the  time  the  third  beach  was  developed 
may,  therefore,  have  been  across  the  ^^Thumb"  in  a  lower  passage 
a  few  miles  farther  north,  which  became  filled  by  a  readvance  of 
the  ice  to  a  moraine  that  closely  borders  the  Imlay  outlet. 

The  lake  beaches,  because  of  their  sandy  or  gravelly  constitution, 
form  better  lines  for  highways  than  neighboring  clayey  tracts  and 
have  been  so  utilized  from  an  early  day.  In  recent  years,  however, 
the  tendency  to  put  roads  on  north  and  south  and  east  and  west 
lines  has  led  to  the  abandonment  of  parts  of  the  old  roads  on 
the  beaches.  The  beaches  also,  when  gravelly,  are  of  much  value 
for  road  ballast. 

The  old  river  deltas  are  in  part  of  mixed  loam,  gravel,  and  sand 
that  gives  a  productive  soil  of  loose  texture.  They  seldom  contain 
much  coarse  r-ubble  or  cobble  and  have  only  a  small  admixture  of 
pebbly  material. 

The  extent  of  the  Michigan  portion  of  the  bed  of  Lake  Maumee 
outside  the  limits  of  Lake  Whittlesey  is  very  limited  and  is  all 
that  will  be  considered  at  this  point,  though  the  deposition  of  lake 
silts,  in  all  probability,  was  going  on  at  this  time  over  the  deep 
lying  part  of  the  lake  bed  as  far  back  as  the  edge  of  the  ice  sheet. 
The  narrow  strip  outside  the  beach  of  Lake  Whittlesey  is  generally 
underlain  by  boulder  clay  at  the  depth  of  but  a  fcAV  inches,  so  the 
lake  deposits,  except  in  the  beaches,  and  river  deltas,  are  of  slight 
amount. 

FIRST  I>AKE  SAGINAW. 

AVlien  tlie  ice  sheet  had  melted  back  into  the  Saginaw  basin  far 
enough  to  expose  a  land  surface  sloping  toward  it,  conditions  be- 
came favorable  for  lake  waters  to  accumulate  and  form  the  First 
Lake  Saginaw.  The  outlet  of  the  lake  was  through  Grand  river 
to  Lake  Chicago,  this  being  a  line  already  opened  by  the  glacial 
drainage  from  the  end  of  the  Saginaw  lobe.  The  limits  of  the 
lake  on  the  western  and  scmthern  borders  of  the  basin  are  marked 
hy  a  well  defined  beach  that  opens  into  this  outlet  at  an  altitude 
about  700  feet  above  sea  lev^el,  but  which  becomes  somewhat  higher 
as  one  i)asses  north  or  east  from  the  outlet,  because  of  differential 
uplift.  The  bed  of  the  lake  is  nearly  equally  divided  between  a 
sandy  and  a  clayey  soil  as  shown  in  Plate  T.  The  distribution 
of  the  sand  was  probably  determined  in  part  by  out  wash  from 
the  receding  ice  iMjrder  and  in  part  by  lake  action.  The  sand  due 
to  lake  waves  and  currents  is  restricted  to  the  border  of  tlie  lake, 
while  that  from  glacial  outwash  may  be  i> resent  where  there  was 
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a  -considerable  depth  of  water,  since  the  water  escaping  from  the 
ice  was  liable  to  have  had  strong  hydrostatic  pressure. 

LAKE  ARKOXA, 

Lake  Arkona  represents  a  stage  of  water  in  the  Erie-Maumee 
basin  that  corresponds  closely  to  the  level  of  the  First  Lake  Sagi- 
naw, and  it  is  probable  that  it  was  for  a  time  merged  with  that  lake. 
The  altitude  (where  differential  uplift  has  not  affected  it  i  is  about 
700  feet  above  sea  level.  It  has  three  beaches  separated  by  inter- 
vals of  less  than  10  feet,  one  being  slightly  less  than  710  feet,  an- 
other a  little  above  700  feet,  and  a  third  a  little  below  700  feet. 
In  the  early  part  of  the  lake's  history  there  was  probably  a  dis- 
charge into  Lake  Saginaw  through  a  channel  across  the  northern 
end  of  the  "Thumb."  But  with  the  recession  of  the  ice  border  there 
came  a  merging  of  the  two  lakes  at  the  level  of  Lake  Saginaw. 
This  seems  to  more  closely  correspond  to  the  second  of  the  three 
beaches  than  to  the  first,  so  there  was  perhaps  a  drop  to  this 
beach  because  of  the  merging  with  Lake  Saginaw.  If  so  the  drop 
to  the  third  beach  is  likely  to  be  referable  to  a  cutting  down  at 
the  head  of  the  outlet. 

Lake  Arkona  was  later  separated  from  Lake  Saginaw  by  a  re- 
advance  of  the  ice  to  the  Port  Huron  morainic  system.  This  caused 
a  rise  of  the  lake  waters  to  a  level  about  30  feet  above  the  highest 
Arkona  beach,  and  as  a  result  of  this  rise  the  beaches  were  nearly 
obliterated.  They  are  traceable  as  a  rnle  merely  as  gravelly  or 
sandy  strips  with  scarcely  a  perceptible  ridging.  There  are  ])laces, 
however,  where  the  beaches  stand  close  by  the  outer  border  of 
tlie  I*ort  Huron  morMiiiic  system,  in  wiiicli  tiie  original  strength  is 
jjreserved.  On  the  maj)  ( IMate  T  )  such  phices  are  re})resented  by 
continuous  lines  to  distinguish  Ihem  from  the  washed  down  por- 
tions ( rei)resentefl  by  broken  lines). 

The  higher  lake  level  that  was  jjroduced  in  tin'  Huron-Erie  basin 
is  termed  Lake  \Vhitth'sey,  while  Ihe  small  lake  lhat  jjersisled  in 
the  Saginaw  b;isiii  is  ternted  the  Lat(»r  Lake  Saginaw,  the  nnnie 
Arkona  being  dropj)ed. 

The  niost  consjHcuons  parls  of  liie  Lake  Arkona  shore  are  Ihe 
hn-ge  delhis  formed  whei-e  the  streams  entered  the  lake.  As  shown 
on    (he  niaji   lliev  are  consijicncnis  :H    (he  Iviiisin,  Saline, 

Huron,  \\'es(  J{onge,  and  ('lin(oii  rixcrs.  These  <lell;is  ;ire  nf  line 
gravelly  sand. 
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LATER  LAKE  SAGINAW. 

The  Later  Lake  Saginaw  extended  about  to  the  limits  of  the 
First  Lake  Saginaw  on  the  west  and  south,  for  its  outlet  was 
through  the  same  channel,  along  Grand  river  to  Lake  Oliieago,  and 
at  but  a  few  feet  lower  level.  The  limits  on  the  northeast  or  ice- 
ward  side  were  at  the  Port  Huron  moraine,  and  are  thus  more 
definitely  fixed  than  the  limits  of  the  Earlier  Lake  Saginaw.  The 
lake  extended  up  the  Cass  river  vallev  about  to  Cass  City  and 
up  the  Tittibawassee  valley  at  least  to  northeastern  Gladwin  and 
possibly  into  southeastern  Ogemaw  county. 

LAKE  WHITTLESEY. 

This  large  glacial  lake  stood  at  about  735  to  740  feet  in  the  part 
of  its  basin  where  the  beach  is  horizontal.  This  embraces  what  lies 
southwest  of  a  line  running  from  Ashtabula,  Ohio,  in  a  west-north- 
west course  across  the  basin  of  Lake  Erie,  the  Ontario  Peninsula, 
and  the  middle  part  of  Lake  St.  Clair.  From  this  line  there  is  a 
rise  of  fully  GO  feet  northward  in  Michigan  to  the  Ubly  outlet, 
the  present  altitude  at  the  head  of  the  outlet  being  about  800 
feet.  It  is  not  unlikely  that  the  gravitative  effect  of  the  ice  will 
account  for  a  small  part  of  the  rise,  but  the  larger  part  seems 
due  to  differential  uplift.  Where  the  Ubly  outlet  opened  into  the 
Later  Lake  Saginaw  at  Cass  City  the  present  altitude  is  about 
740  feet,  making  a  fall  (by  including  the  differential  uplift)  of 
00  feet  along  the  outlet.  But  at  the  lime  the  outlet  was  in  opera- 
tion there  was  only  40  to  45  feet.  This  is  known  from  the  fact 
that  in  portions  of  Lake  Saginaw  and  Lake  Whittlesey,  unaffected 
by  uplift,  the  levels  of  the  two  lakes  differ  only  that  amount. 

The  beach  of  Lake  Whittlesey  is  a  remarkably  strong  feature 
throughout  its  extent  in  Michigan  and  was  the  first  to  be  recog- 
nized and  mapped.  Under  the  first  Geological  Survey  of  Mich- 
igan in  1838  to  1840  it  was  traced  for  over  00  miles  by  Bela  Hubbard 
in  districts  back  of  Detroit  where  settlements  had  been  started. 
Tlie  beacli  is  a  gravel  ridge  10  to  15  feet  in  height  and  with  a  breadth 
of  nearly  one-eighth  mile.  It  is  a  valuable  resource  for  road  bal- 
last for  the  clayey  districts  through  which  it  passes.  Lake  Whittle- 
sey was  maintained  at  the  level  of  the  Ubly  outlet  only  until  the 
ice  melted  back  on  tlie  ''Thumb"  far  enough  to  open  a  lower  out- 
let. This  ice  recession  went  far  enough  to  allow  the  lake  to  drop 
al)()uf  20  feet  below  the  .  lowest  of  the  Arkoua  beaches,  to  the 
boach  of  Lake  AVarren. 
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Tlie  strip  of  Lake  bottom  between  the  WMttlesey  and  Warren 
beaches  in  southeastern  Michigan  is  largely  a  clayey  plain,  the 
principal  exceptions  being  at  deltas  of  Lake  Arkona.  The  deltas  of 
streams  entering  Lake  Whittlesey  are  less  conspicuous  than  of  the 
same  streams  in  connection  with  its  predecessor,  Lake  Arkona. 
One  reason  for  this  is  the  fact  that  the  rise  of  water  caused  estuarine 
conditions  for  some  distance  up  the  yalleys  beyond  the  Whittlesey 
beach,  and  it  was  necessary  to  fill  these  estuaries  from  their  heads 
down-stream  past  the  beach  before  the  lake  bed  proper  would  re- 
ceive a  coating  of  delta  material.  The  duration  of  the  Lake 
Whittlesey  stage  may  be  fully  as  long  as  that  of  the  Arkona. 

LAKE  WARREN. 

Lake  Warren,  like  the  most  expanded  stage  of  Lake  Arkona,  in- 
cluded the  lake  in  the  Saginaw  basin  as  well  as  the  larger  body  * 
of  water  in  the  Huron-Erie  basin,  and  discharged  directly  through 
the  Grand  river  outlet  to  Lake  Chicago.  In  the  part  unaffected  by 
uplift  its  beach  stands  about  680  feet  above  sea  level  and  is  barely 
high  enough  to  open  into  the  head  of  the  outlet,  whose  bed  there  is 
about  670  feet.  As  indicated  in  the  discussion  of  Lake  Wayne, 
Lake  Warren  was  preceded  by  a  lower  stage  of  water,  with  an 
eastward  discharge  to  the  Mohawk  valley. 

The  beach  when  traced  northward  from  the  outlet  rises  at  the 
rate  of  about  2  feet  to  the  mile  and  reaches  800  feet  near  Gladwin, 
and  on  the  part  of  the  Port  Huron  moraine  directly  east,  near  the 
comer  of  Gladwin,  Bay  and  Arenac  counties.  It  is  also  nearly 
800  feet  on  tlie  point  of  the  ''Thumb'^  in  Huron  county  north  of 
Bad  Axe.  The  beach  is  practically  horizontal  from  near  the 
vicinity  of  Lenox,  in  northern  St.  Clair  county,  south  and  east 
through  southeastern  Michigan  and  northern  Ohio  about  to  the 
Ohio-Pennsylvania  line,  a  distance  of  nearly  300  miles.  Between 
there  and  Batavia,  New  York,  a  rise  of  about  200  foet  is  made  in 
a  distance  of  150  miles. 

The  beach  is  of  medium  strength  (Plate  IX  A)  and  seems  to 
mark  a  hike  level  of  considerable  duration,  though  probably  some- 
what shorter  than  either  the  Arkona  or  the  Whilllesey.  The  delta 
deposits  ai'e  not  so  extensive  as  ihose  of  Lake  Ai*k(ni;L  Tts  shore 
deposits  vary  in  ;icc()i-(l;ni(<'  wilh  Ihose  of  Ihc  hike  beds  which 
it  was  deveh)|)('d.  Wliere  Iherc^  was  HI  I  or  gravelly  nuilcrin!  ;H  (he 
surface  a  gravelly  bonch  was  formed,  but  wlicn^  (here  were  sandy 
sediments  we  find  merely  ;i  snmly  ridge.  The  ghicini  iiKip  sels  forlh 
the  exlenl  of  sjiiid  ;in(l  chiy  ;iIoiiii  (his  slior<'  ;iml        (he  bed  n\'  (he 
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lake.  It  will  be  observed  that  the  portion  in  the  Saginaw  Basin 
has  much  more  sand  west  of  the  bay  than  east  of  it.  The  sand 
on  the  east  slope  of  the  ''Thumb"  is  largely  in  Monroe,  Wayne, 
and  southeastern  Washtenaw  counties. 

LAKE  WAYNE. 

About  20  feet  below  the  Lake  Warren  beach  is  a  beach  of  less 
average  strength,  known  as  the  Wayne  beach,  from  its  early  recog- 
nition in  Wayne  county,  and  especially  near  the  village  of  Wayne. 
This  beach  was  for  some  time  regarded  as  merely  a  lower  stage 
of  Lake  Warren  and  has  been  described  as  a,  lower  Warren  beach. 
But  F.  B.  Taylor  has  found  evidence  that  Lake  Wayne  succeeded 
Lake  Whittlesey  and  antedated  Lake  Warren  just  as  Lake  Arkona 
antedated  Lake  Whittlesey.  His  studies  in  the  Saginaw  Basin  have 
led  him  also  to  to  the  opinion  that  this  lake  was  a  few  feet  too  low  to 
And  a  discharge  through  tlie  Grand  river  outlet.  It  seems,  instead, 
to  liave  discharged  eastward  along  the  edge  of  the  ice  past  Syracuse, 
New  York,  into  the  Mohawk  valley.  Such  a  wide  shifting  of  the 
outlet  seemed  to  liim  a  sufficient  reason  for  applying  the  new 
name.  Lake  Wayne. 

The  Wayne  beach  lies  but  a  short  distance  inside  the  limits  of 
the  ^^'arren  beach.  Its  character  is  not  greatly  ditferent  when 
taken  throughout  its  length  in  Michigan,  Ohio,  Pennsylvania  and 
New  York.  At  the  type  locality  in  Wayne  county,  Michigan,  it 
is  developed  on  a  sandy  tract  and  is  consequently  a  sandy  ridge, 
but  on  the  till  tracts  farther  north,  and  also  in  most  of  Ohio  and 
farther  east,  it  has  a  gravelly  constitution,  and  like  the  Arkona 
beache-s  it  is  greatly  washed  down.  In  fact  along  much  of  its 
course  it  can  be  identified  only  by  painstaking  search. 

The  amount  of  ujjlift  and  the  area  of  ui)lift  are  closely  similar 
to  what  has  been  shown  to  characterize  the  Lake  Warren  beach. 

LAKI-:  ELKTOX   (GKASSMERE  AND  ELKTON  BEACHES) . 

These  names  are  applied  to  two  lower  levels  of  the  large  lake 
in  the  Huron-Erie  basin  which  had,  like  Lake  Wayne,  a  discharge 
eastward  to  the  ^foliawk.  Lake  Klkton,  however,  is  a  direct  suc- 
cessor of  Lake  \\'arren,  and  not  of  Lake  Wayne,  hence  the  need 
for  a  separate  name.  The  type  localities  from  which  the  beach 
names,  Grassmere  and  Elkton  are  taken  are  in  Huron  county, 
Michigan,  near  the  north  end  of  the  ''Thumb,"  and  the  names  were 
introduced  by  Dr.  A.  (\  Lane  in  his  Huron  county  report.^ 
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The  Grassmere  beach,  where  unaffected  by  uplift,  is  about  640 
feet,  and  the  Elkton  620  feet  above  sea  level.  They  have  suffered 
considerable  uplift  in  the  eastern  end  of  the  Erie  basin,  but  scarce- 
ly so  much  as  the  Warren  shore.  The  uplift,  therefore^,  began 
before  the  Grassmere  and  Elkton  beaches  were  for-med.  These 
beaches  are  fainter  features  than  those  of  the  higher  lake  stages 
already  considered,  and  seem  to  mark  short-lived  lake  levels.  They 
are  marked  usually  merely  as  sandy  strips  with  indefinite  ridging. 
The  level  of  the  water  was  controlled  by  the  relation  of  the  ice 
border  to  channels  near  Syracuse,  Xew  York. 

BEGIXXIXGS  OF  LAKE  ERIE  AND  LAKE  ST.  CLAIR. 

Lake  Elkton  seems  to  have  persisted  until  the  ice  had  so  com- 
pletely withdrawn  from  the  lowland  south  of  Lake  Ontario,  and 
eastward,  that  the  waters  were  drawn  down  there  to  the  level  of 
the  lowest  or  Rome  outlet  to  the  Mohawk.  Niagara  Falls  then  came 
into  operation,  and  the  countiw  bordering  Lake  Erie  was  drained 
down  to  the  level  of  its  outlet  at  the  head  of  Xiagara  river,  so 
Lake  Erie  became  a  distinct  water  body.  There  were  two  small 
water  bodies  between  Lake  Erie  and  the  lake  in  the  Huron  basin. 
One  in  the  8t.  Clair  basin  is  known  as  the  Early  St.  Clair.  An- 
other in  tlie  basin  south  of  Detroit,  through  which  Eouge  river 
enters  Detroit  river  is  called  Lake  Rouge. 

The  Pearly  St.  Clair  stood  about  20  feet  above  the  present  lake 
or  59o.feet  above  the  sea,  and  discharged  into  Lake  Rouge  across  a 
low  ridge  on  which  Detroit  and  Windsor  stand.  The  level  of  Lake 
Rouge  was  HSl)  feet  above  sea  level  or  about  L5  feet  above  the  De- 
troit river.  It  dischai-ged  southward  with  considerable  descent  to 
Lake  "Ei-ie,  for  that  lake  seems  to  have  been  below  its  ])resent 
level.  Lake  lOrie  has  been  brought  u])  to  its  ])res(Mit  level  by  an 
ii|»lift  of  the  easlein  end  of  the  basin  \\hi(li  has  caused  a  rise 
througliout  the  bsisin. 

Th<*  shores  of  the.  lOarly  St.  (1air  and  of  Ljike  KdUge  ure  uithei' 
fjiinl  fejiturcs,  yet  suflicieiil ly  distinct  to  he  li;iceal>h*  jiion^  much 
of  their  length  in  each  liasin.  I.;ike  liouge  had  considerai>le  extent 
on  tlie  Canadian  side  south  of  Windsor  as  well  as  in  Ihe  h)\\('r 
part  of  the  Rouge  and  Ec(Mse  i  i\er  drninage  in  Michigan. 

The  e:i?'ly  hejich  of  Lake  |]rie  lies  insi(h-  llic  liiiiils  (»f  Ihc  I;ike. 
f<  was  so  low  that  Sandusky  rivei-  llowcd  lhr<tugh  Sandusky  \-:\\ 
at  a  le\el  2.")  feel  o?-  UHU-e  ImMow  the  ju'csenl  h'\el  of  the  hike  and 
htiy,  as  shown  by  soundings  in  the  hay  nuuh'  l»y  Mr.  I].  L.  MoscIn. 
Tlie  western  eiid  «if  liie  f  jie  hasin  has  sr»  shaMow  a  ImmIv  of  waler 
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now,  that  it  is  probable  that  Lake  Erie  had  little  extent  west  of.  the 
Marblehead  Peninsula  and  neighboring  islands. 

LAKE  ALGONQUIN. 

The  name  Algonquin  is  applied  to  the  earliest  body  of  water 
in  the  Huron  basin,  after  lowering  occurred  which  made  Lake 
Erie  and  Lake  St.  Clair  separate  water  bodies.  This  early 
Algonquin  lake  seems  to  have  begun  with  a  southward  discharge 
tlirough  Lakes  St.  Clair,  and  Rouge  to  Lake  Erie  for  it  was  the 
successor  of  Lake  Elkton.  An  outlet  from  Georgian  Bay  through 
the  Trent  valley  to  the  Ontario  basin  was,  however,  soon  opened 
through  recession  of  the  ice  front  in  Ontario.  Then  as  a  result 
of  differential  uplift  in  the  northeastern  part  of  the  lake,  includ- 
ing this  outlet,  the  water  level  was  raised  in  the  southern  part  to 
a  height  sufficient  to  divert  the  discharge  from  the  Trent  to  the 
St.  Clair  valley,  and  reestablish  the  roundabout  course  through 
Lake  Erie  and  over  Niagara  Falls  to  the  Ontario  basin.  Evidence 
in  support  of  this  succession  of  events  is  oifered  by  the  character 
of  the  Niagara  gorge  above  Lewiston.  lis  lower  end  was  exca- 
vated only  to  a  shallow  depth  because  of  the  small  amount  of  water 
derived  from  the  St.  Clair  and  Erie  basins,  which  passed  over  the 
falls  prior  to  this  diversion,  I>ut  farther  up,  the  gorge  becomes 
abruptly  much  deeper,  and  this  is  tliought  to  be  the  result  of  the 
increase  in  volume  in  the  falls  after  this  diversion. 

The  opening  of  the  Straits  of  Mackinac  and  bordering  low  lands, 
by  the  melting  away  of  the  ice,  caused  this  early  Lake  Algonquin 
1o  become  merged  with  Lake  Chicago.  If  this  oi)ening  occurred 
before  the  uplift  of  the  Trent  outlet  had  raised  the  water  to  the 
level  of  the  Chicago  outlet,  there  would  have  been  a  lowering  of 
the  water  in  the  Michigan  basin  as  a  result  of  this  connection  with 
the  Early  Lake  Algonquin.  Evidences  of  such  a  lowering  have  been 
noted  on  the  borders  of  the  Michigan  basin,  there  being  at  the 
mouths  of  certain  valleys  an  excavation  to  levels  50  feet  or  more 
below  Lake  Michigan  level.  An  uplift  sufficient  to  bring  the  water 
level  up  to  a  discharge  into  the  St.  Clair  valley  would  have  filled  the 
Michigan  basin  about  to  the  height  of  the  Toleston  or  third  beach 
of  Lake  Chicago,  for  the  altitude  of  the  Angonquin  beach,  where  un- 
affected by  subsequent  differential  u}>lift,  is  found  to  be  about 
2.5  feet  above  Lake  Huron.  It  is  possible,  therefore,  that  the  ex- 
panded lake  had  for  a  time  an  outlet  southwest  from  the  Mich- 
igan basin,  the  same  as  Lake  Chicago,  and  also  south  from  Lake 
Huron  through  the  St.  Clair.    The  latter  had  an  advantage  over 
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the  former,  in  being  over  drift  deposits  that  are  easily  removed, 
while  the  Chicago  outlet  is  over  a  rock  floor  of  considerable  resist- 
ance. At  any  rate  the  outlet  seems  to  have  been  rapidly  lowered 
about  10  feet  or  to  596  feet  above  sea  level,  that  being  the  altitude 
of  a  strong  beach  in  the  southern  ends  of  the  Huron  and  Michigan 
basins  where  stable  conditions  have  prevailed. 

The  Algonquin  beach  becomes  split  into  several  members  on  pass- 
ing northward  into  the  region  of  uplift,  a  feature  which  shows 
the  uplift  to  have  been  in  rapid  progress  in  this  part  of  the  lake 
liistory.  The  highest  member  on  Mackinac  Island  (  Plate  IX  B  )  is 
812  feet  above  sea  level,  and  on  the  Canadian  highlands  north  of 
Sault  Ste.  Marie.  Ontario,  it  is  1,015  feet.  It  probably  reaches  still 
greater  altitude  on  the  north  border  of  the  Superior  basin,  but  its 
full  identification  there  has  not  yet  been  made. 

Lake  Algonquin  covered  a  considerable  area  in  the  northern 
end  of  the  Southern  Peninsula  in  Alpena,  Presque  Isle,  Cheboygan. 
Emmet,  Charlevoix  and  Antrim  counties,  but  elsewhere  its  shore 
was  very  close  to  the  present  shore  of  Lake  Huron  (  including  Sagi- 
naw Bay)  and  Lake  ^lichigan.  Several  islands  stood  in  it  in  Emmet 
and  Cheboygan  counties,  and  there  were  deep  bays  in  Charlevoix, 
Antrim,  Grand  Traverse,  and  Leelanau  counties,  as  shown  on  the 
map  (Plate  Ii.  Its  beach  forms  a  strong  feature  on  the  borders 
of  Saginaw  Bay  and  Lake  Huron.  Tliere  are  i)laces  in  Alpona  and 
Alcona  counties,  and  in  northwestern  Presque  Isle  county,  where 
bluffs  fully  50  feet  high  stand  back  of  its  shore,  so  that  it  com- 
pares favorably  in  strength  with  the  modern  shore  of  Lake  Huron. 
Around  Saginaw  Bay  it  has  a  strong  sandy  beach  lying  from  1  to 
5  miles  or  loss  from  the  edge  of  the  bay. 

In  the  northern  part  of  the  ])en insula  the  bod  of  Lake  AlgoiKpiin 
is  in  places  very  bouldery.  It  is  probable  that  the  bouldery  strips 
were  laid  down  at  the  ice  border  and  rejjrosent  feeble  moraines 
whose  clayey  and  fine  ingredients  wore  cairicHl  away  by  wave 
action.  Boulder  laden  masses  of  lake  ico  may  also  havo  iiiado  some 
conti'ibution  of  stones  in  places  whore  the  ice  gi'oundod. 

Lake  Algonquin  was  maintained  at  a  lovol  high  eiumgli  to  dis- 
cliarge  through  the  St.  Clair,  down  lo  tiio  time  when  the  ice  sheet 
was  melting  from  a  lowland  th;it  conne^'ts  the  Ottawa  valloy 
with  (jef)rgian  r»ay.  As  soon  as  iliis  lowland  became  free  f'r(Mn 
ice,  the  lako  l)egan  discharging  to  tlu^  f)ttaw:i  vjiHoy,  for  al  ih:it 
tinio  this  biwlnnd  \v:is  not  so  high  :is  Iho  St.  Claii-  oullci.  With 
this  change  in  discharge  tlio  n.'uno  Algo?M|nin  is  drop|>c<I.  ;i!h1  iho 
name  Nipissing  introduced. 
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NIPISSING  GREAT  LAKES. 

The  Mpissing  Great  Lakes  occupied  the  basins  of  Lakes  Huron, 
Michigan  and  Superior,  but  were  not  precisely  coincident  in  area 
with  the  modern  lakes,  because  of  a  different  attitude  of  the  land. 
The  opening  of  an  eastward  line  of  discharge  from  Georgian  Bay 
to  the  Ottawa  yalley  drew  down  the  water  leyel  to  an  undeter- 
mined amount.  But  differential  uplift  was  still  in  progress,  and 
the  water  leyel  rose  in  the  districts  south  of  the  isobase  of  the 
outlet  until  outflow  was  resumed  through  the  St.  Clair  yalley. 
This  rise  of  waters  submerged  the  beaches  formed  at  the  low  water 
leyel,  except  perhaps  in  a  small  district  at  the  north  edge  of  Lake 
Superior  which  lies  north  of  the  outlet  isobase.  As  a  consequence 
the  beach  known  as  the  Kipissing  is  one  formed  after  the  level 
of  the  lake  was  high  enough  to  open  into  the  St.  Clair  yalley. 
The  beach  has  considerable  strength  at  a  definite  upper  leyel  around 
the  eastern  shore  which  seems  to  indicate  a  stable  condition  for  the 
time  wlien  the  change  in  outlet  was  being  made.  Afterward  there 
was  a  continuation  of  northward  uplift  so  that  the  Nipissing  shore 
is  now  120  feet  higher  on  the  north  side  of  Lake  Superior  and 
near  the  head  of  the  eastern  outlet  than  at  the  St.  Clair  outlet, 
and  the  beach  is  s]/lit  up  into  several  members  in  this  uplifted 
area. 

Lake  Nipissing,  like  Lake  Algonciuin,  has  its  history  reflected 
in  the  cliarjicter  of  the  channel  in  the  Niagara  gorge.  There  is 
a  ])art  of  the  gorge  embracing  the  whirlpool  and  a  small  section 
above  and  below  it  in  whicli  the  excavation  was  not  so  deep  as  it 
is  on  either  side,  and  this  shallow  excavation  is  tliought  to  have 
been  made  by  the  we^ik  waterfall  wlien  tlie  Erie  basin  was  the  main 
part  of  the  watershed  tributary  to  tlie  falls.  Near  the  suspension 
bridges  a  very  deeply  excavated  section  begins  which  extends  up  to 
the  present  cataract.  This  seems  to  have  been  excavated  since  the 
flow  from  Lake  Nipissing  was  turned  into  the  present  line  of  dis- 
charge. At  the  present  rate  of  recession  the  falls  would  require 
somewhere  between  2,700  and  3,500  years  to  make  the  deep  part 
of  the  gorge  above  the  suspension  bridges.  In  this  comparatively 
short  i)eriod  there  seems  to  have  been  a  rise  of  120  feet  in  the 
district  north  of  Georgian  Bay  and  the  northeast  part  of  Lake 
Superior,  or  from  3  to  4  feet  per  century.  There  is  some  question 
if  tlie  u])lift  is  still  in  progress.  Possibly  there  has  been  a  stable 
condition  for  some  time  past  that  would  make  necessary  a  more 
rapid  rate  than  Ihnt  just  indicated  during  the  time  it  was  in 
progress. 

From  the  transfer  of  the  Nipissing  wjitcis  lo  the  SI.  Clnir  outlet 
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there  has  been  continuous  flow  in  the  present  direction,  and  the 
outlet  has  suffered  a  slight  deepening  which  has  lowered  the  lake 
level  perhaps  14  feet.  The  beach  at  596  feet  in  the  southern  end 
of  the  Huron  basin  seems  to  have  been  occupied  by  Lake  Nipissing 
as  well  as  by  the  late  stage  of  Lake  Algonquin,  so  the  lowering  of 
the  lake  is  from  that  height  to  the  present.  The  present  beach 
is  582  to  584  feet  with  a  mean  stage  of  water  about  580  feet.  (Plate 
XIV.) 
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CHAPTER  Y. 
AGRICULTURAL  CO^^DITIONS. 

NOTES  ON   THE  AGRICULTURAL  CONDITIONS. 

Inasmuch  as  the  investigation  of  the  surface  formations  of  the 
Southern  Peninsula  of  Michigan  has  been  for  the  purpose  of  in- 
terpreting the  glacial  and  lake  history,  the  observations  upon  soils 
came  in  only  incidentally,  and  this  should  be  borne  in  mind  in 
consulting  the  tables  below.  It  seems  inadvisable  to  attempt  such 
a  definite  classification  as  that  of  the  Bureau  of  Soils  merely  on 
the  basis  of  incidental  notes.  Such  a  classification  demands  a  care- 
ful measurement  of  the  constituent  grains  of  each  kind  of  soil, 
and  also  tests  of  the  subsoil  by  mean>s  of  borings.  For  example, 
a  complete  series  of  glacial  soils  under  the  classification  adopted 
by  the  U.  S.  P>ureau  of  Soils  embraces  the  following  in  order  of 
grade  from  coarse  to  fine:  (1)  Stony  loam,  (2)  gravel,  (3)  gravel- 
ly loam,  (4)  sand,  (5)  fine  sand,  (0)  sandy  loan,  (7)  fine  sandy 
loam,  (8)  loam,  (9)  silt  loam,  (10)  clay  loam.  In  all  these  soils 
there  is  a  loamy  constituent,  except  jDerhaps  in  recently  formed 
dunes,  which  by  the  way  are  given  a  class  by  themselves 
outside  the  regular  series.  ^Vhether  the  word  loam  should  be  used 
in  a  i)arti(ular  soil  may  only  be  determined  by  careful  analysis; 
so  also  would  be  the  question  whether  soil  should  be  classed  as 
sand  or  fine  sand,  loam,  silt  loam,  or  clay  loam.  In  general  it 
may  be  stated  that  the  sandy  till  of  our  glacial  deposits  embraces 
the  classes  denominated  stony  loam,  gravel,  gravelly  loam,  and  to 
some  extent  the  sand,  fine  sand,  and  sandy  loam.  The  clayey  till 
in  general  embraces  the  loam,  silt  loam,  clay  loam,  and  in  some 
cases  the  fine  sandy  loam.  The  sandy  soils  of  the  glacial  series 
are  perhaps  the  easiest  to  interpret  in  terms  of  the  classification 
by  the  Bureau  of  Soils,  since  they  are  almost  wholly  confined  to 
sand  and  fine  sand ;  but  as  stated  above  it  is  foiyid  that  the  Bureau 
of  Soils  has  in  some  cases  classed  the  till  as  sand.  Such  is  notably 
the  case  in  the  Wexford  county  area  where  almost  the  entire  county 
is  classed  as  Miami  sand.  It  is  true  that  three  phases  of  the  sand 
are  noted,  the  pine  hills  phase,  the  pine  plain  phase,  and  the  hard- 
wood land  phase.    The  pine  plain  phase  alone  would  be  ordinarily 
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classed  by  a  glacialist  as  sand,  the  other  two  phases  being  a  sandy 
till,  of  which  the  pine  hills  phase  contains  less  fine  material  than 
the  hardwood  land  phase. 

The  classification  of  soils  here  presented  merely  sets  forth  the 
general  classes  of  glacial  deposits  such  as  are  evident  to  any  one 
without  the  pains  necessary  for  a  close  analysis.  The  classification 
is  conformable  to  the  mapping  of  the  surface  formations  given 
in  the  general  glacial  map,  and  that  makes  the  map  an  indispensible 
accompaniment  of  the  table.  The  map  does  not,  however,  set  forth 
the  two  classes  of  till  nor  distinguish  the  sandy  portions  of  an 
outwash  plain  from  the  gravelly  for  the  reason  that  the  work  was 
not  sufficiently  detailed  to  fix  the  precise  boundaries.  Observa- 
tions have  seemed  sufficiently  complete,  however,  to  form  a  basis 
for  the  estimates  for  the  relative  amounts  of  sandy  and  gravelly 
land  given  in  the  tables.  Xotes  given  beneath  each  of  the  counties 
will  serve  to  make  clear  certain  points  not  otherwise  shown  clearly 
in  the  table  or  map. 

As  indicated  in  the  description  of  the  soil  types  the  stony  loam 
is  found  ordinarily  in  moraines,  while  the  gravelly  loam  appears 
in  river  terraces  and  has  been  reworked  by  streams.  The  sand 
is  found  in  both  glacial  areas  and  alluvial  tracts.  The  sandy  loam 
is  in  some  cases  glacial  and  in  other  cases  alluvial,  but  in  Mich- 
igan it  is  ordinarily  glacial  and  more  or  less  pebbly.  The  fine 
sandy  and  silty  loam  is  widely  represented  in  the  ordinary  till 
plain,  the  siUy  phase  being  classed  as  clayey  till. 

The  nia])S  of  Michiaan  areas  issued  by  the  Bureau  of  Soils  are 
as  follows : 

Allegan  connty.  issncd  in  1001,  su])ply  exiiausted. 
Alum  aif^a.  in  Oratiot  coiinty.  issned  in  1004. 
Tjiss  connty.  issned  in  lOOG. 

Oxford  area  in  Oaicland  connty,  issued  in  1005. 
Owosso  area  in  Siiiawassee  county,  issued  in  1004. 
Pontiac  area  in  Oakland  county,  issued  in  1003. 
Saginaw  area,  ])ar(s  of  Saginaw,  J»ay,  Tuscola  and  Ihimn  conn 
ties,  issued  in  lOOl. 

Wexford  counfy.  issued  in  HMIS. 

]Munisin^^  ;\r(",\.  in  Xorilicin  r('niii>nl:i.  issued  in  lOiM.  snjtply 
exhausted. 

The  datn  concern in;^^  tlic  nnnilx'i'  of  fjirnis,  Ihr  |»crc('nl;i<:c  of  I:uh! 
in  fjirnis  (wilh  ni;ipi..  liie  pcrccnt.'i^c  of  iinjn-oNcd  l;iiid,  ihc  ;i\cr;ig(' 
value  of  the  land  in  each  county  (with  niapi,  and  the  ju-inci|ml 
crops  in  eacli  county,  liave  been  obtained  from  the  KJth  Census 
1 1 
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PER  CENT  OF  LAND  AREA  IN  FARMS, /^/ a 
(Per  cent  for  the  state,  51.5.] 
The  per  cent  of  land  area  in  farms,  when  less  than  20,  is  inserted  under  the  county  name. 
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AVERAGE  VALUE  OF  FARM  LAND  PER  KQ^Y,,/(f/0. 
[Average  for  the  state,  $3:3.48.] 
When  the  value  is  less  than  $10  per  acre,  it  is  Inserted  under  the  county  name. 


Fie.  16. 
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Bulletin  on  Agriculture.  It  is  not  possible  with  the  data  at  hand 
to  indicate  the  percentage  of  land  now  in  farms  under  each 
class  of  soil  in  the  accompanying  tables,  except  in  a  few  southern 
counties  where  practically  all  the  land  is  now  under  cultivation. 
In  those  counties  the  average  price  of  land  given  in  the  Census 
Bulletin  represents  a  combination  of  all  the  classes.  In  the  north- 
ern part  of  the  state,  where  a  large  part  of  the  land  has  not  yet 

'  been  converted  into  farms  the  clayey  and  sandy  till  areas  are 
occupied  more  extensively  than  the  other  classes  of  land.  Inso- 
far as  these  classes  have  a  value  above  other  classes  the  extra  oc- 
cupancy for  farms  gives  farm'^prices  a  higher  rate  than  would  be 
the  average  for  all  classes,  such  as  is  given  in  the  southern  coun- 

*  ties.  In  this  connection,  however,  it  should  be  noted  that  a  class 
of  land  which  is  inferior  for  general  farming  may  be  made  highly 
profitable  for  certain  crops.  Thus  considerable  land  of  Kalamazoo, 
Van  Buren,  and  other  counties  in  the  southwestern  part  of  the 
state,  which  was  inferior  for  general  farming  has  been  planted 
extensively  to  vineyards,  and  made  to  yield  even  better  returns 
than  the  better  classes  of  farm  land.  It  should  be  borne  in  mind 
that  the  price  of  land  here  given  is  exclusive  of  farm  buildings 
which  are  separately  estimated  in  the  Census  Bulletin,  and  is  ac- 
cordingly a  fair  representation  of  relative  land  values.  The  land 
value  is  56.5  per  cent  of  the  total  value  of  farm  property  (includ- 
ing buildings,  implements,  machinery  and  stock)  in  Michigan. 

The  kinds  of  crops  grown  in  each  county  are  arranged  in  order 
of  importance  as  given  in  the  Census  Bulletin.  Where  hay,  corn, 
oats,  wheat,  barley,  rye,  beans,  and  peas  are  compared  the  acreage 
forms  the  main  basis  for  comparison,  though  products  are  reck- 
oned at  a  general  relative  value.  Thus  beans  are  given  four  times 
tlie  value  per  bushel  that  is  given  to  corn,  while  barley,  wheat, 
rye  and  peas  are  given  twice  the  value  of  com.  Potatoes  are 
reckoned  by  value  of  crop  since  the  acreage  is  low,  and  are  given 
the  same  value  per  bushel  as  corn. 

From  the  statistics  given  in  the  Census  Bulletin  it  appears  that 
hay  and  forage  (93.65  per  cent  being  timothy  and  clover),  form 
the  leading  crop  in  56  of  the  68  counties  of  the  Southern  Penin- 
sula, distributed  over  its  entire  length.  Com  leads  in  6  counties 
in  the  southern  part  of  the  state,  namely,  Berrien,  Cass,  St.  Joseph, 
Calhoun,  Brancli  and  Monroe.  Potatoes  lead  in  6  of  the  northern 
counties,  Benzie,  Leelanau,  Manistee,  Wexford,  Otsego,  and  Charle- 
voix. Com  stands  second  in  18  counties  in  the  central  and  southern 
part  of  the  peninsula,  while  potatoes  stand  second  in  17  of  the 


SOUTHERN  PENINSULA  OF  MICHIGAN. 


85 


northern  connties.  Oats  stand  second  in  12  of  the  central  and 
northern  counties.  Beans  stand  second  in  5  of  the  central  coun- 
ties, Shiawassee,  Genesee,  Tuscola,  Saginaw,  and  Isabella.  Wheat 
stands  second  in  Cass  countT  only,  and  third  in  but  7  counties, 
Berrien,  St.  Joseph,  Kalamazoo,  Allegan,  Barry,  Ionia,  and  Huron 
counties. 

The  Census  Bulletin  furnishes  no  data  on  orchards  and  truck 
farming,  though  these  are  of  high  importance  in  the  southern  and 
western  parts  of  the  peninsula  and  have  great  possibilities  for 
further  development.  The  orchards  and  truck  farming  are  largely 
developed  in  the  gravelly  and  sandy  areas  and  areas  with  a  light 
sandy  till,  and  in  many  cases  yield  better  returns  than  could  be 
obtained  from  general  famiing.  Many  of  the  bogs  have  proved 
highly  profitable  in  the  gTOwth  of  onions  and  celery.  The  growth 
of  sugar  beets  is  already  an  important  industry  in  the  southern 
half  of  the  peninsula  on  land  which  is  sufiiciently  fertile  and  which 
has  a  loose  texture  and  damp  soil. 

As  a  result  of  the  estimates  given  in  the  tables  it  is  found  that 
the  several  classes  of  land  have  the  following  percentages : 


It  thus  appears  that  about  one-third  of  the  peninsula  is  em- 
braced in  the  sand  and  gravel  areas,  one-ninth  in  lakes  and  swamps, 
and  five-ninths  in  the  sandy  and  clayey  tills. 

The  moraines  are  largely  of  sandy  till  except  in  the  central  and 
south  central  parts,  southwest  of  >Saginaw  Bay,  where  they  have 
a  clayey  constitution.  The  till  plains  are  largely  of  clayey  till, 
those  which  are  not  being  designated  by  a  spcK^-ial  device  on  the 
map.  The  water-dei:)osited  clay  in  the  areas  of  glacial  lakes  is 
a  relafiv(^ly  thin  de[»osit,  so  that  the  subsoil  at  a  depth  of  one  to 
live  feet  from  the  surface  is  usually  a  clayey  till. 

There  is  a  relatively  small  part  of  the  Southern  reninsula  in 
which  the  underlying  rock  has.  much  influence  on  the  character  of 
tlie  soil.  In  Alpena,  Prosrpie  Tsle,  nnd  on  the  iniUKMliate  border  of 
the  lake  in  ])arts  of  CyhcboygMn,  lOinmet.  Jind  Clun-Ievoix  counties, 
limestone  is  sufficiently  near  the  snifjicc,  ;nid  is  iiicorjtoi-M led  lo 
such  an  extent  in  the  fill  ;is  jo  nuikc  if  cijissifijible  ;is  ;i  limestone 


Per  cent. 


Swamp  and  lake 

Clayey  till  

Sandy  till  ...... 

Sandy   

Gravelly   


11.60 
32.65 
22.55 
25.00 

8.2:0. 
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till.  There  are  also  very  limited  areas  in  Wayne  and  Monroe 
counties  where  the  limestone  is  sufficiently  near  the  surface  to 
affect  the  character  of  the  soil.  In  parts  of  Jackson,  Calhoun, 
Branch  and  Hillsdale  counties  the  Marshall  sandstone  lies  very 
near  the  surface  and  the  till  owes  its  sandiness  to  some  extent  to 
the  incorporation  of  this  local  rock. 

The  dunes,  which  form  such  a  conspicuous  topographic  feature 
along  the  east  coast  of  Lake  Michigan,  and  which  give  such  an 
impression  of  desolation  when  viewed  from  the  lake  vessels  (Plate 
KV  A),  really  occupy  but  a  narrow  strip  averaging  less  than  a 
mile  in  width  along  this  coast.  The  sandy  parts  of  the  glacial 
lake  beds  show  only  a  slight  amount  of  drifting  into  dunes,  much 
of  the  sand  being  capped  with  a  loamy  soil. 

In  a  large  part  of  the  glaciated  area  of  the  United  States  the 
glacial  deposits  have  been  covered  to  considerable  depth  by  the 
fine  silt  known  as  loess,  so  that  soil  and  subsoil  are  entirely  in 
that  deposit.  But  in  Michigan  the  loess  deposit  is  practically 
wanting.  The  soil,  however,  throughout  the  state  carries  a  small 
amount  of  material  that  has  been  deposited  by  the  wind,  and  this 
has  rendered  somewhat  loamy  extensive  districts  that  would  other- 
wise be  sandy.    This  is  especially  true  of  the  glacial  lake  sands. 

The  extensive  areas  of  pine  plains  of  the  western  and  northern 
parts  of  the  peninsula  furnish  a  problem  as  to  methods  of  manage- 
ment and  development  and  especially  since  parts  of  them  have  been 
devastated  by  fires.  It  is  a  question  whether  forestry  may  not  be 
more  profitable  than  farming.  The  outvvash  plains  of  the  northern 
part  of  the  state  have  on  the  whole  a  lighter  soil  than  those  of  the 
southern  i>art,  and  have  the  disadvantage  of  about  three  weeks 
shorter  i>eriod  between  the  spring  and  autunm  frosts. 

In  the  tables  which  follow  the  lake  clay  has  been  included  in 
the  clayey  till  but  with  the  affix  Lc.  Where  lakes  are  of  con- 
siderable extent  their  area  has  been  given  separately  from  that  of 
swamps  and  indicated  by  the  affix  L,  swamps  being  indicated  by 
,the  affix  S.  It  will  be  noted  that  in  the  column  for  area,  sections 
instead  of  square  miles  have  been  designated,  for  the  reason  that 
sections  often  overrun  or  fall  short  of  a  square  mile.  Beneath  the 
table  for  each  county  an  area  in  square  miles  is  given  which  has 
been  obtained  from  Farmer's  Handbook  of  Michigan,  and  which 
apparently  does  not  include  the  areas  within  the  larger  lakes. 
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DETAILED  DATA  BY  COUNTIES— (Alphabetical  order). 
ALCONA  COUNTY. 


Township. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 

tm. 

Sees. 


Sandy. 
Sees. 


T. 

28, 

R. 

5  E 

T; 

28, 

R. 

6  E 

T. 

28, 

R. 

7  E 

28 

R 

8  E 

T. 

28] 

R." 

9  E 

T. 

27, 

R. 

5  E 

T. 

27, 

R. 

6  E 

T. 

27, 

R. 

7  E 

T. 

27, 

R. 

8  E 

T. 

27, 

R. 

9  E 

T. 

26, 

R. 

5  E 

T. 

26, 

R. 

6  E 

T. 

26, 

R. 

7  E 

T. 

26, 

R. 

8  E 

T. 

26, 

R. 

9  E 

T. 

25, 

R. 

5  E 

T. 

25, 

R. 

6  E 

T. 

25, 

R. 

7  E 

T. 

25, 

R. 

8  E 

T. 

25, 

R. 

9  E 

Total. 


36 
36 

36 

36 
29 

36 
36 
36 
36 

32.5 

36 
36 
36 
36 
30 

36 
36 
36 
36 
26 


693.5 


7 
14 
il2L 
\  5 
6 
13 


4 
22 


2.5 

21 

3 

6 

5 

14 

5 

16 

2 

16 

6 

4 

4 

24 

7 

8 

4 

7 

12 

5 

148.5 


166 


232 


Area  680  square  miles  in  693.5  sections,  including  lakes. 

Number  of  farms,  884. 

Average  value  per  acre,  $12.76. 

Square  miles  in  farms,  163f . 

Per  cent  of  land  area  in  farms,  23.9. 

Per  cent  of  farm  land  improved,  36.3  or  9.67  per  cent  of  county. 
Principal  crops:    Hay,  potatoes,  oats,  peas,  rye.  wheat,  corn. 

The  area  of  lake  clay  was  probably  occupied  by  the  ice  sheet  during  part  of  the  development 
of  the  large  Au  Sable  delta.    Its  borders  are  not  marked  by  definite  beaches. 
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ALLEGAN  COUNTY. 


Township. 


1  N 

1  N 

1  N 

1  N 

1  N 

1  N 

1  N 

2  N, 
2  N 
2  N 


4  N 

4  N, 
4  N, 
4  N, 
4  N 


.  R.  11  W 
.  R.  12  W 
.  R.  13  W 
.  R.  14  W 
.  R.  15  W 

.  R.  16  W 
.  R.  17  W 
.  R.  11  W 
.  R.  12  W 
.  R.  13  W 

.  R.  14  W 
.  R.  15  W 
.  R.  16  W 
.  R.  11  W 
.  R.  12  W 

.  R.  13  W 
.  R.  14  W 
.  R.  15  W 
.  R.  16  W 
.  R.  11  W 

.  R.  12  W 
.  R.  13  W 
.  R.  14  W 
.  R.  15  W 
.  R.  16  W 

Total  


Area 
sections. 


36 
36 
36 
36 
36 

36 
3 
36 
36 
36 

36 
36 

33.5 

36 

36 

36 
36 
36 
28 
36 

36 
36 
36 
36 


Swamp 
and  lake. 
Sees. 


3.5 
3 

2.5 

1.5 

4 

7 

4.5 
4 

2 
4 

2.5 
1 

0.5 


Clayey 
till. 
Sees. 


0.5 

8 

16.5 
10 


4 
2 

0.5 
12 
15 


10 

5.5 
19 

2.5 
1.5 
8.5 
4.5 


9 

0.5 
21 
23 

3 


Sandy 
till. 
Sees. 


13 
14 
10 

13.5 
5 

8.5 
1 

4.5 
19.5 
9.5 

11 

4 
10 

4 

11.5 

18 
3.5 
3 

3.5 
10.5 

10.5 
15.5 
7.5 
3.5 
2.5 


Sandy 
Sees. 


10.5 

9 
4 

9.5 
26 

19.5 


1.5 
3.5 

19 

25.5 
10 
12 
3 

13 
26 
17 

15.5 
13.5 

14 
16 
5 

8.5 
16 


842.5 


86 


184.5 


217 


299 


Area  828  square  miles  in  842  sections,  including  lakes. 

Number  of  farms,  6,217. 

Average  value  per  acre,  $37.87. 

Square  miles  in  farms,  737. 

Per  cent  of  land  area  in  farms,  88.7. 

Per  cent  of  farm  land  improved  74.9  or  66.43  per  cent  of  county. 
Principal  crops:    Hay,  corn,  wheat,  potatoes,  oats,  rye. 

The  sandy  areas  of  the  western  part  of  the  county  should,  perhaps,  be  classed  as  outwash, 
for  they  contain  scarcely  any  bowlders  or  glacial  material,  and  no  till  was  observed. 
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Section. 


Area 
I  sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 

Sees. 


Sandy 
tUl. 
Sees. 


Sandy. 
Sees. 


Gravelly. 
Sees. 


T.  32,  R.  5  E 
T.  32,  R.  6  E 
T.  32,  R.  7  E 

T.  32,  R.  8  E 

T.  32,  R.  9  E 

T.  31,  R.  5  E 
T.  31,  R.  6  E 

T.  31,  R.  7  E 

T.  31,  R.  8  E 
T.  31,  R.  9  E 

T.  30,  R.  5  E 
T.  30,  R.  6  E 
T.  30,  R.  7  E 
T.  30,  R.  8  E 
T.  29,  R.  5  E 

T.  29,  R.  6  E 
T.  29,  R.  7  E 
T.  29,  R.  8  E 
T.  29,  R.  9  E 

Total.. 


36 
36 
36 

36 

11 

36 
36 

36 

29 
17 

36 
36 
36 
20 
36 

36 
36 
33 
9 


10 

5 
10 

/  5L 

\  3S 
2 

22 
4 


2 
2 

16 
3 
3 
4 

10 

20 
2 
8 
4 


26 

31 

19 
i  16Lc 
\  9 
7Lc 

10 

24 
/  7Lc 
110 
8Lc 

15Lc 


18 

28 


16 


587 


137 


260 


90 


Area  579  square  miles  in  587  sections,  including  lakes. 

Number  of  farms,  1.326. 

Average  value  of  land  per  acre,  SI  1.43. 

Square  mUes  in  farms,  231.2. 

Per  cent  of  land  area  in  farms  39.6. 

Per  cenf  of  farm  land  improved  34.7,  or  13.75  per  cent  of  county. 
Principal  crops:    Hay,  oats,  potatoes,  wheat,  corn,  rye. 

Settlements  are  chiefly  on  the  till  plains  and  the  areas  in  which  rock  is  near  the  surface.  The 
latter  areas  in  the  state  of  nature  include  considerably  poorly  drained  land  which,  however, 
may  be  largely  reclaimed  by  clearing  and  ditching. 
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SURFACE  GEOLOGY. 


ANTRIM  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


Gravelly. 
Sees. 


T.  32,  R.  8  W 
T.  32,  R.  9  W 
T.  31,  R.  5  W 
T.  31,  R.  6  W 
T.  31,  R.  7  W 

T.  31,  R.  8  W. 

T.  31,  R.  9  W, 
T.  30,  R.  5  W. 
T.  30,  R.  6  W 
T.  30,  R.  7  W 

T.  30,  R.  8  W 

T.  30,  R.  9  W 
T.  29,  R.  5  W. 
T.  29,  R.  6  W 
T.  29,  R.  7  W 

T.  29,  R.  8  W, 

T.  29,  R.  9  W 

T.  28,  R.  8  W 
T.  28,  R.  9  VV 

Total.. 


36 
10 
36 
36 
36 

36 

6 
36 
36 
36 

36 

14 
36 
36 
36 

36 

24 

1 

3 


i  8L 
\  2S 

1 

2 

8 

8 

il5L 
\  4S 

2 

6 

2 

2 

/15L 
\  2S 
1  8L 
\  IS 


526 


116 


104 


24 
26 
26 


5 
25 
22 


174 


29 
3 


29 
25 
17 


22 


110 


Area  478  sfiuare  miles  in  526  sections,  including  about  46  square  miles  in  lakes. 

Number  of  farms,  1,641. 

Average  value  of  land  per  acre,  $17.46. 

Square  miles  in  farms,  227.2. 

Per  cent  of  land  area  in  farms  47.8. 

Per  cent  of  farm  land  improved  54.2,  or  25.9  per  cent  of  county. 
Principal  crops:    Hay,  potatoes,  corn,  oats,  rye,  wheat,  beans. 

The  moraines  as  well  as  the  drumlin  areas  of  this  county  have  proved  very  profitable  both 
for  orchards  and  for  general  farming. 


SOUTHERN  PENINSULA  OF  MICHIGAN. 


91 


ARENAC  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 

Sees. 


Sandy 
till. 
Sees. 


T.  20,  R.  3  E 
T.  20,  R.  4  E 
T.  20,  R.  5  E 
T.  20,  R  6  E 
T.  20,  R.  7  E 

T.  19,  R.  7  E 
T.  19,  R.  6  E 
T.  19,  R.  5  E 
T.  19,  R.  4  E 

T.  19,  R.  3  E 
T.  18,  R.  4  E 
T.  18,  R.  5  E 
T.  18,  R.  6  E 

Total . 


36 
36 
36 
36 
34 

12 

35 
36 
36 

36 
36 
16 


21 
15 
22 
8 


27 
19 
8 

22 
20 
8 
2 


387 


32 


186 


Area  367  square  miles  in  387  sections. 

Number  of  farms,  1,440. 

Average  value  per  acre,  $18.29. 

Square  miles  in  farms,  178.4. 

Per  cent  of  land  area  in  farms,  47.7. 

Per  cent  of  farm  land  improved  48.7,  or  13.23  per  cent  of  county. 
Principal  crops:    Hay,  oats,  corn,  beans,  potatoes,  rye,  peas. 

The  mapping  of  sandy  and  clayey  areas  in  this  county  is  only  rudely  approximate  and  repre- 
sents the  main  strips  of  each  class.  The  mapping  was  chiefly  by  W.  M.  Gregory  of  the  Michigan 
Geological  Survey. 


BARRY  COUNTY. 


Section. 

Area 
sections. 

Swamp 
and  lake. 
Sees. 

Clayey 
till. 
Sees. 

Sandy 
till. 
Sees. 

Sandy. 
Sees. 

Gravelly. 
Sees. 

T.  4  N,  R.  7  W  

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 
36 

2 
3 

2 
10 

2 
2 
2 
1 
2 

8 
4 

7 

5 
5 
2 

27 
22 
17 
16 

7 
8 
12 
3 
7 

19 
21 
10 
4 
26 

25 
25 
11 
13 
29 
34 

T.  4  N.  R.  8  W  

3 
6 
8 
16 

15 
6 
8 
2 

T.  4  N.  R.  9  W  

T.  4  N.  R.  10  W 
T.  3  N.  R.  10  W 

7 
3 

T.  3  N.  R.  9  W  

T.  3  N.  R.  8  W  

7 
16 
29 

8 

T.  3  N.  R.  7  W  

T.  2  N.  R.  7  W  

T.  2  N.  R.  8  W  

T.  2  N.  R.  9  W  

3 
7 
18 
18 
2 

T.  2  N.  It.  10  W  

T.  1  N.  H.  10  W 

T.  1  N.  n.  9  W  

T.  1  N.  R.  8  W  

T.  1  N.  R.  7  VV  

Total  

676 

68 

142 

264 

64 

68 

Area.  552  .sqiiarf  rniU-.M  in  576  sfction.s,  inclnding  lakf-s. 

NumbfT  of  farm.s,  3.428. 

Av«Tag»-  value  \u  r  arn-.  $29.57. 

Squan-  rriih  s  in  farmH,  526.3. 

PfT  r«  nt  f)f  lanfl  an  a  in  farm.s,  94.7. 

Per  cent  of  farm  land  improvfd  74.9,  or  70. f>  p<  r  cent  of  county 
Principal  cropH:    Hay,  com,  wheat,  oats,  potatoeH,  rye.  ' 
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SURFACE  GEOLOGY. 


BAY  COUNTY. 


Section. 


T.  18,  R.  3  E 
T.  17,  R.  3  E 
T.  17,  R.  4  E 
T.  17,  R.  5  E 
T.  16,  R.  5  E 

T.  16,  R.  4  E 
T.  16,  R.  3  E 
T.  15,  R.  3  E 
T.  15,  R.  4  E 

T.  15,  R.  5  E 
T.  14,  R.  6  E 
T.  14,  R.  5  E 
T.  14,  R.  4  E 

T.  14,  R.  3  E 
T.  13,  R.  4  E 

(N.  Half) 
T.  13,  R.  5  E 

fN.  Half) 
T.  13,  R.  6  E 

Total. 


Area 
sections. 


36 
36 
36 

3 

2 

34.5 

36 

36 

33.5 

3.5 
23 

32.5 
36 

36 
18 

18 

36 


456 


Swamp 
and  lake. 
Sees. 


1 
6 

1 

4 
4 

1.5 
1 

0.5 
5.5 


33.5 


Clayey 
till. 
Sees. 


2Lc 

isLc 


12Lc 
6Lc 
29Lc 
17Lc 


14Lc 
20  Lc 
30  Lc 

30  Lc 
15.5LC 

12.5LC 

25Lc 


226 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


30 
33 
23 

3 

2 

22. 
30 
6 
10. 

2. 
5 
8. 
4. 

5 
2 


192.5 


Area  445  square  miles  in  456  sections. 

Number  of  farms,  3,233. 

Average  value  per  acre,  S35.72. 

Square  miles  in  farms,  333. 

Per  cent  of  land  area  in  farms,  75.2. 

Per  cent  of  farm  land  improved  69.9  or  52.56  per  cent  of  county. 
Principal  crops:    Hay,  oats,  corn,  potatoes,  wheat,  beans,  rye. 

The  clayey  till  as  well  as  the  lake  clay  is  a  compact  clay  with  few  pebbles  and  needs  tile 
draining. 

The  classification  of  soils  is  largely  based  on  map  and  report  by  W.  F.  Cooper  (Geol.  Survey 
of  Michigan,  Annual  Report  for  1905). 

The  southern  part  is  based  on  the  map  of  the  Saginaw  area  by  U.  S.  Bureau  of  Soils  1904, 
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BENZIE  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Sandy 
tiU. 
Sees. 


Sandy 
Sees. 


Gravelly 
loam. 
Sees. 


T.  27,  R.  13  W 
T.  27,  R.  14  W 
T.  27,  R.  15  W 

T.  27,  R.  16  W 

T.  26,  R.  13  W 
T.  26,  R.  14  W 

T.  26.  R.  15  W 
T.  26,  R.  16  W 

T.  25,  R.  13  W 
T.  25,  R.  14  W 
T.  25,  R.  15  W 
T.  25,  R.  16  W 

Total.  .  . 


36 
36 
19 

4.5 

36 
36 

36 
20 

36 
36 
36 
13 


5 
2 

/  3L 
1  2S 


4 
2 

/  8L 
1  5S 
J  7L 
\  2S 

3 
3 


3 
25 
1 

2.5 

9 
14 


3 
27 
8 


14 


13 
2 
17 


28 
30 
4 


344.5 


54 


122.5 


126 


42 


Area  319  square  miles.    344.5  sections  including  18  sections  in  lakes. 
Number  of  farms,  1,245. 
Average  value  per  acre,  S20.71. 
Square  miles  in  farms,  49.1. 

Per  cent  of  farm  land  improved  .49.6  or  24.35  per  cent  of  county. 
Principal  crops:    Potatoes,  corn,  hay,  rye,  oats,  wheat,  buckwheat. 

The  coating  of  loam  on  the  gravel  plains  is  very  thin  so  they  are  but  little  more  productive 
than  the  sandy  areas.    The  sandy  till  forms  excellent  orchard  and  fair  farm  land. 
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SURFACE  GEOLOGY. 


BERRIEN  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


T. 

3  S. 

R. 

17  W 

T. 

3  S. 

R. 

18  W 

T. 

3  S. 

R. 

19  W 

T. 

4  S. 

R. 

18  W 

T. 

4  S. 

R. 

17  W 

T. 

5  S. 

R. 

17  W 

T. 

5  S. 

R. 

18  W 

T. 

5  S. 

R. 

19  W , 

T. 

6  S. 

R. 

T. 

6  S. 

R. 

19  W 

T. 

6  S. 

R. 

18  W 

T. 

6  S. 

R. 

17  W 

T. 

7  S. 

R. 

17  W 

T. 

7  S. 

R. 

18  W 

T. 

7  S. 

R. 

19  W 

T. 

7  S. 

R. 

20  W 

T. 

7  S. 

R. 

21  W 

T. 

8  S. 

R. 

22  W 

T. 

8  S. 

R. 

21  W 

T. 

8  S. 

R. 

20  W 

T. 

8  S. 

R. 

19  W 

T. 

8  S. 

R. 

18  AV 

T. 

8  S. 

R. 

17  W. 

36 
20 
8 
35.5 
36 

36 
36 
26 
4 

35 . 5 

36 
36 
36 
36 
36 

28 
2 

0.5 
16.5 

21 
21 
21 
21 


1.5 
1 


17 
7 

2.5 
2.5 
4 

20 
8 
9 
2 
6 

5 
9 


20 
20 


24 


10 

18 
14 
2.5 


14 


14 
10 


19 
10 
6 


3 
10 

4. 
17 
30 

1 

16 
15 
2 
18. 


7 
7 

3 
2 

0.5 
4.5 


Total. 


584 


44.5 


200.5 


122 


171 


Area  568  square  miles  in  584  sections  including  lakes. 

Number  of  farms,  5,252. 

Average  value  per  acre,  S64.83. 

Square  miles  in  farms,  520.8. 

Per  cent  of  land  area  in  farms,  91.5. 

Per  cent  of  farm  land  improved  80.7,  or  73.8  per  cent  of  county. 
Principal  crops:    Corn,  hay,  wheat,  potatoes,  oats. 

The  gravel  plains  generally  have  a  loamy  capping  of  considerable  fertility.  The  sandy  till 
areas  form  excellent  orchard  and  fair  farm  land.  A  narrow  strip  of  barren  dunes  less  than  a 
mile  in  average  width  borders  the  lake  shore  from  near  Stevensville  southwestward  into  Indiana. 


SOUTHERN  PENINSULA  OF  MICHIGAN. 


96 


BRANCH  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 

tm. 

Sees. 


Sandy 
till. 
Sees. 


Sandy 
Sees. 


Gravelly 
loam. 
Sees. 


T 

5  S 

R  5 

W 

T. 

5  S. 

R.  6 

W 

T. 

5  S. 

R.  7 

W 

T. 

5  S. 

R.  8 

W 

T. 

6  S. 

R.  8 

W 

T. 

6  S. 

R.  7 

W 

T. 

6  S. 

R.  6 

W 

T. 

6  S. 

R.  5 

W 

T. 

7  S. 

R.  5 

W 

T. 

7  S. 

R.  6 

W 

T. 

7  S. 

R.  7 

w 

T. 

7  S. 

R.  8 

w 

T. 

8  S. 

R.  8 

w 

T. 

8  S. 

R.  7 

w 

T. 

8  S. 

R.  6 

w 

T. 

8  S. 

R.  5 

w 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
21 
21 
21 
21 


4 
9 
24 
10 
24 

18 
14 
14 
18 
10 

18 
12 
4 
7 


10 


10 


Total. 


516 


60 


188 


103 


91 


Area  500.7  square  miles  in  516  sections,  including  lakes. 

Number  of  farms,  3,378. 

Average  value  of  farms,  $40.03. 

Square  miles  in  farms,  578.9. 

Per  cent  of  land  area  in  farms,  96.4. 

Per  cent  of  farm  land  improved  74.5,  or  71.8  per  cent  of  county. 
Principal  crops:    Corn,  hay,  oats,  wheat,  potatoes. 

The  areas  included  in  the  last  column  have  generally  a  rich  loam  above  the  gravel. 

CALHOUN  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


Gravelly 
loam. 
Sees. 


T. 

1  S. 

R. 

4 

W 

T. 

1  S. 

R. 

5 

W 

T. 

1  s. 

R. 

6 

W 

T. 

1  s. 

R. 

7 

W 

T. 

1  s. 

R. 

8 

W 

T. 

2  S. 

R. 

8 

W 

T. 

2  S. 

U. 

7 

W 

T. 

2  S. 

R. 

6 

\V 

T. 

2  S. 

11. 

5 

W 

T. 

2  S. 

R. 

4 

W 

T. 

3  S. 

R. 

4 

W 

T. 

3  H. 

H. 

5 

W 

T. 

3  S. 

U. 

f» 

\y 

T. 

3  S. 

R. 

7 

w 

T. 

3  H. 

H. 

8 

w 

T. 

4  S. 

K. 

S 

w 

T. 

4  S. 

H. 

7 

w 

T. 

4  S. 

H. 

6 

vv 

T. 

4  S. 

K. 

5 

w  . 

T. 

4  S. 

R. 

4 

w 

Total. 


36 

6 

36 

12 

36 

4 

36 

1 

36 

1 

3() 

1 

3() 

2 

36 

2 

36 

3 

36 

!S 

3f) 

36 

2 

36 

2 

3() 

2 

36 

36 

1 

36 

2 

W 

3 

35 

4 

30 

4 

r20 


62 


15 
20 

2 


13 


14.5 

4 
28 
24 

5 

20 
12 
7 
12 
22 

28 
22 
~9 
15 
19 

3 
6 
ts 

18 
16 


10 


2 
7 

4 

6 

24 

3 

12 

4 

18 

() 

21 

6 

15 

3 

6 

2 

4 

12 

2.5 

22 

•1 

1 5 

2 

27 

6 

22 

15 

•S 

6 

Area  698.0  .scjuare  miles  in  720  sections,  including  lakes, 

NnmbfT  of  farm.s.  3.701. 

Avfra^e  valuf  per  acrf,  ?35.40. 

Sf|uarc  miles  in  farms,  013.4. 

Per  cf-nt  of  lurid  area  in  farms.  92. H. 

Per  cent,  of  farm  lanrl  imf)n»vc  fi  75.5.  or  70  jicr  cent  of  county. 
Princii)al  crops:    f'orn.  wheat,  oats,  potatoes. 

The  loam  over  the  Kravel  In  the  areas  in  flie  last  column  is  rather  thin  and  |)atehy 
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SURFACE  GEOLOGY. 

CASS  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Sandy 

tm. 

Sees. 


Sandy. 
Sees. 


Gravelly 
loam. 
Sees. 


T.  5  S.  R.  13  W. 
T.  5  S.  R.  14  W. 
T.  5  S.  R.  15  W. 
T.  5  S.  R.  16  W. 
T.  6  S.  R.  16  W. 

T.  6  S.  R.  15  W, 
T.  6  S.  R.  14  W. 
T.  6  S.  R.  13  W, 
T.  7  S.  R.  13  W, 
T.  7  S.  R.  14  W, 

T.  7  S.  R.  15  W, 
T.  7  S.  R.  16  W, 
T.  8  S.  R.  16  W, 
T.  8  S.  R.  15  W, 
T.  8  S.  R.  14  W, 
T.  8  S.  R.  13  W. 

Total  


36 
36 
36 
36 
36 

36 
36 

36  ■ 

36 

36 

36 
36 
21 
21 
21 

18.5 


10 
15 
14 
2 
4 

9 
10 
27 
28 
17 

15 
16 
6 


4 
5 
3 
5 

1.5 


20 
18 
2 
23 
12 


16 


513.5 


59 


179 


90.5 


185 


Area  488  sfjuare  miles  in  513.5  sections,  including  lakes. 

Number  of  farms,  2,556. 

Average  value  per  acre,  $38.28. 

Square  miles  in  farms,  461.6. 

Per  cent  of  land  area  in  farms,  93.6. 

Per  cent  of  farm  land  improved  75.9,  or  71  per  cent  of  county. 
Principal  crops:    Corn,  wheat,  hay,  oats,  potatoes,  rye. 

The  extensive  gravel  plains  are  generally  coated  with  a  rich  loam,  as  indicated  by  the  map 
of  the  U.  S.  Bureau  of  Soils,  Report  for  1906.  The  sandy  till  ranges  from  very  stony  but  loamy 
till  to  sandy  material  containing  few  pebbles.  The  principal  variations  appear  on  the  Bureau 
of  Soils  map. 


CHARLEVOIX  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


T.  34,  R.  6  W  

T.  34,  R.  7  W  

T.  34,  R.  8  W  

T.  33,  R.  4  W  

T.  33,  R.  5  W  

T.  33,  R.  6  W  

T.  33,  R.  7  W  

T.  33,  R.  8  W  

T.  33,  R.  9  W  

T.  32,  R.  4  W  

T.  32,  R.  5  W  

T.  32,  R.  6  W  

T.  32,  R.  7  W  

Beaver  Island  group 

Total  


12 

4 

26 

5 

8 

1 

36 

3 

36 

i3L 
13S 

21 

2 

25 

2 

35 

4 

9 

1 

36 

4 

36 

10 

36 

8 

33 

6 

65 

4 

19 
29 
5 


20 
25 


27 
20 
16 


27 

20 
23 
5 
24 


414 


60 


130 


165 


59 


Area  414.4  square  miles  in  414  sections,  not  including  Pine  Lake. 

Number  of  farms,  1,460. 

Average  value  of  land  per  acre,  $15.33. 

Square  miles  in  farms,  200. 

Per  cent  of  land  area  in  farms,  48.5. 

Per  cent  of  farm  land  improved  48.3  or  23.4  per  cent  of  county. 
Principal  crops:    Potatoes,  hay,  corn,  oats,  rye. 
A  considerable  part  of  the  clayey  till  is  in  drumlins. 
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Section. 


T.  39,  R.  3  W. 
T.  38,  R.  3  W. 

T.  38,  R.  2  W. 

T.  38,  R.  1  W. 
T.  38,  R.  1  E. 

T.'  38,  R.  2  E . 
T.  37,  R.  1  E. 

T.  37,  R.  1  W. 
T.  37,  R.  2  W. 
T.  37,  R.  3  W. 

T.  36,  R.  3  W. 
T.  36,  R.  2  W. 
T.  36,  R.  1  W. 
T.  36,  R.  1  E. 
T.  35,  R.  1  E. 


T.  35,  R.  1  W. 
T.  35,  R.  2  W. 

T.  35,  R.  3  W. 

T.  34,  R.  3  W. 
T.  34,  R.  2  W. 

T.  34,  R.  1  W. 
T.  34,  R.  1  E. 
T.  33,  R.  1  E. 
T.  33,  R.  1  W. 
T.  33,  R.  2  W. 
T.  33.  R.  3  W. 


Area 
sections. 


11 

36 

23 

9 
11 

1 

36 

36 
36 
36 

36 
36 
36 
36 
36 

36 
36 

36 

36 
36 

36 
36 
36 
36 
36 
36 


Swamp 
and  lake. 
Sees. 


i  3L 
\  6S 
i  3L 
1  5S 
/  7L 
\  6S 

J16L 
\  2S 

\  3S 
/  4L 
llOS 
J  9L 
1  7S 
/  4L 
\  7S 


/  2L 

1  2S 

JUL 

1  3S 
1 


Clayey 

tm. 

Sees. 


/  6Lc 
I  1 
J  oLc 

}l4Lc 

1  2 
4Lc 
6Lc 


13 
i  6Lc 
\  2 
SLc 

2Lc 


SLc 
SLc 
14Lc 

14 

13 

i  2Lc 

}  3Lc 
\  1 
1 
11 

10 
16 
10 
25 
20 
15 


Sandy 
till. 
Sees. 


25 
8 


Total 


811 


194 


244 


139 


Area  724  square  miles  in  811  sections,  including  about  80  square  miles  of  lakes. 
Number  of  farms,  1,449. 
Average  value  per  acre,  .S13.85. 
Square  miles  in  farms,  188. IS. 
Per  cent  of  land  area  in  farms,  26. 

Per  cent  of  farm  land  improved  42.3,  or  11  per  cent^of  county. 
Principal  crops;    Hay,  potatoes,  oats,  corn,  peas,  rye. 

The  lake  clay  is  a  very  thin  and  patchy  deposit  usually  over  a  clayey  till.  There  arr  a  few 
drumlins  of  clayey  till. 


13 


98 


SURFACE  GEOLOGY. 


CLARE  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


Gravelly 
loam. 
Sees. 


T.  20,  R.  3  W 
T.  20,  R.  4  W 
T.  20,  R.  5  W 
T.  20,  R.  6  W 
T.  19,  R.  3  W 

T.  19,  R.  4  W 
T.  19,  R.  5  W 
T.  19,  R.  6  W 
T.  18,  R.  3  W 
T.  18,  R.  4  W 

T.  18,  R.  5  W 
T.  18,  R.  6  W 
T.  17,  R.  3  W 
T.  17,  R.  4  W 
T.  17,  R.  .5  W 
T.  17,  R.  6  W 

Total.. 


36 
36 
36 
36 
36 

36 
36 
36 
36 
36 
36 


16 


16 


13 
14 
2 
3 
18 

24 
20 
1 
12 
20 

20 
2 
6 
2 
28 
11 


4 
20 


576 


63 


123 


196 


145 


Area  569  square  miles  in  576  sections,  including  lakes. 

Number  of  farms,  1,302. 

Average  value  per  acre,  $13.42. 

Square  miles  in  farms,  257.7. 

Per  cent  of  land  area  in  farms,  44.3. 

Per  cent  of  farm  land  improved  32.7,  or  14.48  per  cent  of  county. 
Principal  crops:    Hay,  corn,  oats,  rye,  beans,  wheat,  potatoes,  peas. 

The  gravelly  outwash  areas  included  in  the  last  column  have  a  very  slight  loam  capping, 
and  are  but  little  better  than  the  sandy  areas.  Farming  has  been  developed  chiefly  on  the  clayey 
and  sandy  till. 


CLINTON  COUNTY. 


Section. 

Area 
sections. 

Swamp 
and  lake. 
Sees. 

Clayey 
till. 
Sees. 

Sandy 
till. 
Sees. 

Sandy. 
Sees. 

Gravelly 
loam. 
Sees. 

T.  8  N.  R.  1  W  

36 
36 
36 
36 
36 

36 
36 
36 
■  36 
36 

36 
36 
36 
36 
36 
36 

1 
8 
1 
1 
2 

2 

31 
27 
23 
28 
28 

32 
30 
32 
30 
34 

36 
36 
31 
32 
32 
31 

2 

2 
1 
2 
3 

T.  8  N.  R.  2  W  

T.  8  N.  R.  3  W  

10 

4 
6 

2 
6 
4 
6 
2 

T.  8  N.  R.  4  W  

T.  7  N.  R.  1  W  

T.  7  N.  R.  2  W  

T.  7  N.  R.  3  W  

T.  7  N.  R.  4  W  

T.  6  N.  R.  1  W  

T.  6  N.  R.  2  W  

T.  6  N.  R.  3  W  

T.  6  N.  R.  4  W  

T.  5  N.  R.  1  W  

2.5 
1 

2.5 

T.  5  N.  R.  2  W  

3 
4 
5 

T.  5  N.  R.  3  W..  .  .  .  .  . 

T.  5  N.  R.  4  W  

Total  

576 

18.5 

■  493 

2.5 

54 

Area  570  square  miles  in  576  sections. 

Number  of  farms,  3,497. 

Average  value  per  acre,  S42.30. 

Square  miles  in  farms,  549.4. 

Per  cent  of  land  area  in  farms,  96.2. 

Per  cent  of  farm  land  improved  80.3,  or  77.25  per  cent  of  county. 
Principal  crops:    Hay,  oats,  corn,  wheat,  beans,  rye. 

The  moraines  as  well  as  till  plains  are  of  rich  clayey  till.  The  other  classes  of  land  are  chiefly 
along  the  1  ines  of  glacial  drainage. 


SOUTHERN  PENINSULA  OF  MICHIGAN. 


99 


CRAWFORD  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


Gravelly 
loam. 
Sees. 


T.  28,  R.  1  W 
T.  28,  R.  2  W 
T.  28,  R.  3  W 
T.  28,  R.  4  W 
T.  27,  R.  1  W 

T.  27,  R.  2  W 
T.  27,  R.  3  W 
T.  27,  R.  4  W 
T.  26,  R.  1  W 
T.  26,  R.  2  W 

T.  26,  R.  3  W 
T.  26,  R.  4  W 
T.  25,  R.  1  W 
T.  25,  R.  2  W 
T.  25,  R.  3  W 
T.  25,  R.  4  W 

Total.. 


36 

12 

36 

6 

36 

4 

36 

8 

36 

10 

36 

4 

36 

8 

36 

10 

36 

8 

36 

4 

36 

6 

36 

10 

36 

7 

36 

5 

36 

4 

36 

1 

1 

23 

24 

6 

12 

2 

10 

6 

5 

21 

19 

13 

10 

14 

11 

13 

15 

13 

7 

15 

8 

18 

4 

20 

10 

9 

9 

15 

6 

16 

4 

7 

57( 


lo: 


41 


155 


211 


10 

4 
2 
10 
6 
10 
20 


62 


Area  561.66  square  miles  in  576  sections. 

Number  of  farms,  248. 

Average  value  per  acre,  $10.52. 

Square  miles  in  farms,  728. 

Per  cent  of  land  area  in  farms,  12.7. 

Per  cent  of  farm  land  improved  23,  or  2.92  per  cent  of  county. 
Principal  crops:    Hay,  potatoes,  oats,  corn,  buckwheat,  rye,  wheat. 

The  gravelly  outwash  plains  like  the  sandy  plains  have  a  very  thin  and  patchy  capping  of 
loam.  Under  careful  farming  some  sandy  plains  land  has  yielded  fair  returns.  The  slight 
development  of  farms  has  been  about  equally  divided  between  the  sandy  till  of  the  moraines 
and  the  sandy  and  gravelly  land  of  the  plains. 


EATON  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandv 
till.' 
Sees. 


Sandy. 
Sees. 


Gravelly. 
Sees. 


T. 

4  N. 

R. 

3 

W  

T. 

4  N. 

R. 

4 

W  

T. 

4  N. 

R. 

5 

W  

T. 

4  N. 

R. 

6 

W  

T. 

3  N. 

R. 

6 

W  

T. 

3  N. 

R. 

5 

W  

T. 

3  N. 

R. 

4 

W  

T. 

3  N. 

n. 

3 

W  

T. 

2  N. 

R. 

3 

W  

T. 

2  N. 

R. 

4 

W  

T. 

2  N. 

R. 

VV  

T. 

2  N. 

R. 

0 

W  

T. 

1  N. 

1{. 

6 

W  

T. 

1  N. 

R. 

5 

w  

T. 

1  N. 

R. 

4 

w  

T. 

1  N. 

U. 

3 

w  

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 
36 


30 
32 
33 
32 
22 

26 
28 
26 
16 


29 
32 
18 
25 
31 


Total. 


576 


68 


427 


35 


41 


Area  572.0  .square  miles  in  576  .spctiona,  inrliidiiig  lakps. 

Numbf-r  of  farmH,  .3,902. 

Avf-rag*'  value  I)»t  arrc,  $.36.16. 

Squarf  inilf  H  in  farms,  MOA. 

Per  cent  of  larui  an  a  in  farrnH,  91.6. 

Per  cent  of  farm  iarul  ifriprovcr]  77.7  or  73.5  per  cent  of  the  connty. 

Principal  crop.s;     Hay,  rorn,  oatn.  bcaiiH.  wheat,  potatoe.s,  rye. 

The  moraine.s  a.s  well  a.s  till  i>lain,s  are  rliiefly  rlayev  till. 

The  gravel  in  T.  2  N.  R.  4  vV.  is  in  the  Charlotte  esker  and  osker  delta. 
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SURFACE  GEOLOGY. 


EMMET  COUNTY. 


Section, 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees, 


Sandy 
till. 
Sees. 


Sandy. 
Sees, 


T.  39,  R.  4  W 
T.  39,  R.  5  W 
T.  38,  R.  4  W 
T.  38,  R.  5  W 
T.  38,  R.  6  W 

T.  37,  R.  4  W 
T.  37,  R.  5  W 
T.  37,  R.  6  W 
T.  37,  R.  7  W 
T.  36,  R.  4  W 

T.  36,  R,  5  W 
T.  36,  R.  6  W 
T.  36,  R.  7  W 
T.  35,  R.  4  W 
T.  35,  R.  5  W 

T.  35,  R.  6  W 
T.  34,  R.  4  W, 
T.  34,  R.  5  W 
T.  34,  R.  6  W, 
T.  33,  R.  6  W, 

Total  


16.5 
10.5 

36 
33 
5.5 

36 
36 
33 

2.5 
36 

36 
35 

2.5 
36 
26 

9 
36 

34.5 
19 
1.5 


3 

4 
16 
13 

1 

11 
12 
1.5 


10 

4 

1 
4 
7 

2.5 


13.5 
6.5 

13 
6 

4.5 


9 

16 

20 

4 

30.5 

1 

2.5 

16 

13 

24 

1 

33 

1 

2.5 

8 

18 

9 

12 

6 

2 

23 

9 

13.5 

2 

3.5 

2 

1.5 

480.5 


109 


26 


221 


124.5 


Area  467.5  square  miles  in  480.5  sections,  including  lakes. 

Number  of  farms,  1,457. 

Average  value  per  acre,  $17.12§. 

Square  miles  in  farms,  195.3. 

Per  cent  of  land  area  in  farms,  41.6. 

Per  cent  of  farm  land  improved  43.4,  or  17.5  per  cent  of  county. 
Principal  crops:       Hay,  potatoes,  oats,  corn,  rye,  peas,  wheat. 

There  is  a  narrow  strip  of  dunes  on  the  coast  of  Lake  Michigan  in  north  end  of  county, 
settlement  is  mainly  on  the  sandy  till. 


The 
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Section. 


T 

9 

N 

R 

5 

E 

T. 

9 

N. 

R. 

6 

E 

T. 

9 

N. 

R. 

7 

E 

T. 

9 

N. 

R. 

8 

E 

T. 

8 

N. 

R. 

5 

E 

T. 

8 

N. 

R. 

6 

E 

T. 

3 

N. 

R. 

7 

E 

T. 

8 

N. 

R. 

8 

E 

T. 

7 

N. 

R. 

5 

E 

T. 

7 

N. 

R. 

6 

E 

T. 

7 

N. 

R. 

7 

E 

T. 

7 

N. 

R. 

8 

E 

T. 

6 

N. 

R. 

5 

E 

T. 

6 

N. 

R. 

6 

E 

T. 

6 

N. 

R. 

7 

E 

T. 

6 

N. 

R. 

8 

E 

T. 

5 

N. 

R. 

5 

E 

T. 

5 

N. 

R. 

6 

E 

Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
tUl. 
Sees. 


Sandy. 
Sees. 


Gravelly 
loam. 
Sees. 


36 


36 
36 


17 

12 

22 

16 
/12 
\13Lc 

34 
/12 
\12Lc 

17 

34 
il5 
\12Lc 

i  5 
\26Lc 

32 

28 

36 

30 
34 
18 
24 


19 
18 


Total. 


648 


24 


461 


61 


94 


Area  642.2  square  miles  in  648  sections. 

Number  of  farms,  3,896. 

Average  value  per  acre,  $35.18. 

Square  miles  in  farms,  607. 

Per  cent  of  land  area  in  farms,  92.7. 

Per  cent  of  farm  land  improved  80.6,  74.7  per  cent  of  county. 
Principal  crops:    Hay,  beans,  oats,  corn,  potatoes,  wheat,  rye. 

The  gravelly  land  is  chiefly  in  beaches,  deltas  and  eskers.  The  lake  clay  is  a  thin  deposit 
over  clayey  till.    Moraines  as  well  as  till  plains  are  largely  clayey  till. 
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SURFACE  GEOLOGY. 
GLADWIN  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
tUl. 
Sees. 


Sandy. 
Sees. 


T.  20,  R.  2  W 
T.  20,  R.  1  W 
T.  20,  R.  1  E. 
T.  20,  R.  2  E. 
T.  19,  R.  2  E. 

T.  19,  R.  1  E. 
T.  19,  R.  1  W 
T.  19,  R.  2  W 
T.  18,  R.  2  W 
T.  18,  R.  1  W 

T.  18,  R.  1  E. 
T.  18,  R.  2  E. 
T.  17,  R.  2  E. 
T.  17,  R.  1  E. 
T.  17,  R.  1  W 
T.  17,  R.  2  W 

Total .  . 


36 
36 
24 
36 
36 

24 
36 
36 
36 
36 

24 
36 
36 
24 
36 
36 


9 
7 

2Lc 
12Lc 
3Lc 

5Lc 
13 
23 
15 

6 

6 


6 
20 
10 
19 
28 

14 
16 
5 
10 
24 

12 
32 
36 
18 
21 
28 


528 


84 


104 


41 


299 


Area  516  square  miles  in  528  sections,  including  lakes. 

Number  of  farms,  1,395. 

Average  value  per  acre,  $18.52. 

Square  miles  in  farms,  201. 

Per  cent  of  land  area  in  farms,  38.7. 

Per  cent  of  farm  land  improved  42.1,  or  16.3  per  cent  of  county. 
Principal  crops:    Hay,  oats,  corn,  rye,  potatoes,  wheat. 


GRAND  TRAVERSE  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


Gravelly 
loam. 
Sees. 


T:  30,  R.  10  W 
T.  29,  R.  10  W 
T.  28,  R.  9  W. 
T.  28,  R.  10  W 
T.  28,  R.  1 1  W 

T.  27,  R.  9  W. 
T.  27,  R.  10  W 
T.  27,  R.  11  W 
T.  27,  R.  12  W 

T.  26,  R.  9  W. 
T.  26,  R.  10  W 
T.  26.  Jl.  11  W 
T.  26,  R.  12  W 

T.  25,  R.  9  W. 
T.  25,  R.  10  W 
T.  25,  R.  11  W 
T.  25,  R.  12  W 

Total..  . 


4.5 
12 
26 
13 

1 


2.5 

8 
21 
10 


36 

3 

29.5 

4.5 

34 

/ 

5 

36 

5L 

\ 

3S 

36 

3 

36 

4 

36 

5 

30 

/ 

6L 

\ 

3S 

36 

4 

36 

3 

36 

5 

36 

4 

2 
2 
1 

12 
16 
23 
4 


11 

27 
5 


24 
15 
11 
15 


21 
5 
3 

22 


480 


61.5 


55.5 


129 


85 


148 


Area  458  square  miles  in  480  sections  (including  11  sections  in  lakes,  but  not  including  Elk 
Lake). 

Number  of  farms,  2,031. 

Average  value  per  acre.  .$27.26. 

Square  miles  in  farms.  276. 

Per  cent  of  land  area  in  farms.  59.1. 

Per  cent  of  farm  land  improved  61.9  or  36.58  per  cent  of  county. 
Principal  crops:    Hay.  potatoes,  corn,  oats,  rye.  wheat. 

The  gravelly  and  sandy  outwash  plains  have  generally  a  light  soil  and  are  largely  uninhabited. 
The  clayey  and  sandy  tills  are  productive  both  for  farms  and  orchards. 


SOUTHERN  PENINSULA  OF  MICHIGAN. 

GRATIOT  COUNTY. 
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Section. 


T.  12, R.  1  W 

T.  12,  R.  2  W 

T.  12,  R.  3  W 
T.  12,  R.  4  W 
T.  11,  R.  4  W 

T.  11,  R.  3  W 
T.  11,  R.  2  W 
T.  11,  R.  1  W 
T.  10,  R.  1  W 

T.  10,  R.  2  W 

T.  10,  R.  3  W 
T.  10,  R.  4  W 

T.  9,  R.  4  W. 

T.  9,  R.  3  W. 
T.  9,  R.  2  W. 
T.  9,  R.  1  W. 

Total.. 


Area 
sections. 


36 

36 

36 
36 
36 

36 

36 

36 
36 

36 

36 
36 

36 

36 

36 
36 


576 


Swamp 
and  lake. 
Sees. 


1 

1 

3 
8 
8 

5.5 
1.5 

1 

2 


35 


Clayey 
till. 
Sees. 


18.5LC 
i  5 
\20Lc 

25 

15 

12.5 

17.5 
/  8 
\  25Lc 

31.5LC 

16Lc 
i  5 
130 

33 

28 
i34 
\  2Lc 
J  16 
\20Lc 

36 

29Lc 


428 


Sandy. 
Sees. 


16.5 

10 

8 
13 

14.5 

13 

1.5 
3.5 
18 

1 

3 


113 


Area  570  square  miles  in  576  sections. 

Number  of  farms,  4,205. 

Average  value  per  acre,  .$39.14. 

Srjuare  miles  in  farms,  520.5. 

Per  cent  of  land  area  in  farms,  89.9. 

Per  cent  of  farm  land  improved  74.7,  or  66  per  cent  of  county. 
Principal  crops:    Hay,  oats,  corn,  wheat,  potatoes. 

The  moraines  as  well  as  till  plains  and  the  lake  clay  are  largely  a  rich  clayey  soil.  There 
mav  be  in  the  aggregate  8  or  10  square  miles  of  stony  till  scattered  over  the  county,  chiefly 
in  kames.  The  map  of  the  Alma  area  by  U.  S.  Bureau  of  Soils,  1904,  has  been  of  service  in  the 
classification  in  the  northern  part  of  the  county. 
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SURFACE  GEOLOGY. 


HILLSDALE  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


T.  5  S.  R.  1  W 
T.  5  S.  R.  2  W 
T.  5  S.  R.  3  W 
T.  5  S.  R.  4  W 
T.  6  S.  R.  4  W 

T.  6  S.  R.  3  W 
T.  6  S.  R.  2  W 
T.  6  S.  R.  1  W 
T.  7  S.  R.  1  W 
T.  7  S.  R.  2  W 

T.  7  S.  R.  3  W 
T.  7  S.  R.  4  W 
T.  8  S.  R.  4  W 
T.  8  S.  R.  3  W 
T.  8  S.  R.  2  W 

T.  8  S.  R.  1  W 
T.  9  S.  R.  1  W 
T.  9  S.  R.  2  W 
T.  9  S.  R.  3  \V 
T.  9  S.  R.  4  W 

Total.. . 


36 
36 
36 
36 


36 
36 
36 
36 
36 

36 
36 

33.5 

36 

36 

36 
8 

8.5 
9 

7.5 


2.5 
2 
3 
2 


0.5 
1 


11 

18 

4 

.  18 

2 

27 

28 

24 

3 

21 

19 

14 

15 

19 

25 

7 

4 

20 

23 

25 

2 

22.5 

26 

8 

35 

32 
8 
8 
8. 
1.5 


4.5 
4"  ■  ■ 


607.5 


37 


203.5 


281.5 


19.5 


Area  601.5  square  miles,  or  607.5  sections,  including  lakes. 

Number  of  farms,  4,298. 

Average  value  per  acre,  $40.98. 

Square  miles  in  farms,  582.2. 

Per  cent  of  land  area  in  farms,  97.5. 

Per  cent  of  farm  land  improved  78.6  or  76.6  per  cent  of  county. 
Principal  crops:    Hay,  corn,  oats,  wheat,  potatoes. 

A  coating  of  rich  loam  generally  covers  the  gravel  of  the  areas  in  the  last  column. 


SOUTHERN  PENINSULA  OP  MICHIGAN. 


105 


HURON  COUNTY 


Section. 


T.  19,  R.  12  E. 
T.  19,  R.  13  E. 
T.  19,  R.  14  E, 
T.  18,  R.  15  E. 
T.  18,  R.  14  E. 

T.  18,  R.  13  E. 
T.  18,  R.  12  E, 
T.  18,  R.  11  E. 
T.  18,  R.  10  E. 
T.  17,  R.  9  E.  , 

T.  17,  R.  10  E, 
T.  17,  R.  11  E, 
T.  17,  R.  12  E 
T.  17,  R.  13  E 
T.  17,  R.  14  E, 

T.  17,  R.  15  E 
T.  16.  R.  16  E 
T.  16,  R.  15  E 

T.  16,  R.  14  E 

T.  16,  R.  13  E 

T.  16,  R.  12  E 
T.  16,  R.  11  E 
T.  16,  R.  10  E 
T.  16,  R.  9  E. 

T.  15,  R.  9  E. 
T.  15,  R.  10  E 
T.  15,  R.  11  E 
T.  15,  R.  12  E 

T.  15,  R.  13  E 
T.  15,  R.  14  E 

T.  15,  R.  15  E 

T.  15,  R.  16  E 

Total .  . 


Area 
sections. 


2 
13 

3 

7 
34 

36 
30 
21 

4.5 

3 

28 
36 
36 
36 
36 

23 
3 
35 

36 

36 

36 
36 
36 
18 

33 
36 
36 
36 

36 
36 

36 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


iLc 
12Lc 
3Lc 
7Lc 
34  Lc 

26  Lc 
24Lc 
llLc 
2Lc 


20Lc 
36Lc 
36  Lc 
30Lc 
36  Lc 

23Lc 
3Lc 
35Lc 
/lO 
\22Lc 
3Lc 

20Lc 
35Lc 
30  Lc 
14Lc 

28Lc 
30Lc 
14Lc 


24 
4 

32  Lc 
8Lc 


Sandy 
till. 
Sees. 


17 


Sandy. 
Sees. 


2.5 
3 


1 
4 

2.5 
1 
9 
21 

14 

3 


841.5 


25.5 


623 


65 


128 


Area  837  square  miles  in  841.5  sections. 
Number  of  farms,  4,728. 
Square  miles  in  farms,  737.5. 
Average  value  per  acre,  $30/38. 
Per  cent  of  land  area  in  farms,  86.4. 

Per  cent  of  farm  land  improved  75.6.  or  65.32  per  cent  of  county. 
Princinal  crops:    Hay,  oats,  wheat,  beans,  com,  potatoes,  barley. 

The  lake  clay  forms  a  thin  coating  over  the  compact  clayey  till,  and  each  need  considerable 
tile  draining.  The  classification  is  largely  based  on  map  and  report  by  A.  C.  Lane  (Geol.  Survey 
of  Michigan  Vol.  7,  Part  II,  1900).  The  southwest  part  is  based  on  map  of  Saginaw  area  by 
U.  fi.  Bureau  of  Soils  1904. 
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INGHAM  COUNTY. 


Section. 

Area 
sections. 

Swamp 
and  lake. 
Sees. 

Clayey 
till. 
Sees. 

Sandy, 
till. 
Sees. 

Sandy. 
Sees. 

Gravelly 
loam. 
Sees. 

T"    /f   "M    T?     O  TtT 

36 
36 

29.5 

36 

36 

31 
36 
36 
36 
36 

33 
36 
36 
33 
36 
36 

2.5 
5.5 

4 

3.5 
5 

4.5 

6.5 

8 

8 

5 

6.5 

8 

6 

7 

4 

4 

26 

25 

19.5 

27.5 

28 

.  25 
27.5 

25 
16 
22 

13.5 
20.5 
6 

14 
14 
14 

4 
4 
4 
2 

3 . 5 
1.5 

2 
3 
2 

T.  4  N,  R.  1  W  

A   AT    T?     1  T? 

/I    AT     "D     O  T? 

T"    Q  AT    T>     O  T? 

1 

1 . 5 

T'    Q  AT    T?  IT? 

T'     O   AT     "D     1  WT 

1  .  o  JN .  rC.  i  VV  

2 
2 
12 
8 

12 
7 

15 
7 

12 

12 

T.  3  N.  R.  2  W  

1 

T.  2  N.  R.  2  W  

T.  2  N.  R.  1  W  

1 
1 

0.5 

T.  2  N.  R.  1  E  

T.  2  N.  R.  2  E  

T.  1  N.  R.  2  E  

9 
4 
6 
5 

T.  1  N.  R.  1  E  

1 

T.  1  X.  R.  1  W  

T.  1  N.  R.  2  W  

1 

Total  

558 . 5 

88 

323.5 

103 

36 

8 

Area  553.5  square  miles  in  558.5  sections,  including  lakes. 

Number  of  farms,  3,508. 

Average  value  per  acre,  $36.95. 

Square  miles  in  farms,  520.4. 

Per  cent  of  land  area  in  farms,  94.1. 

Per  cent  of  farm  land  improved  74.5  or  70.1  per  cent  of  county. 
Principal  crops:    Hay,  corn,  oats,  beans,  potatoes,  wheat,  rye. 

The  gravel  is  principally  in  eskers.  The  moraines  as  well  as  till  plains  are  largely  a  rich  clay 
soil.    Swamp  areas  are  largely  estimated  from  topographic  maps  of  U.  S.  Geological  Survey, 


IONIA  COUNTY. 


Section. 

Area 
sections. 

Swamp 
and  lake. 
Sees. 

Clayey 
till. 
Sees. 

Sandy 
till. 
Sees. 

Sandy. 
Sees. 

T.  8  N.  R .  5  W  

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 
36 

1.5 

1 

2 

28 
30 
20 
22 
12 

28 
26 
24 
28 
32 

33 
15 
33 
26 
30 
34 

6.5 

5 
14 
14 

4 

8 
10 
12 

8 

1 

2 
6 

T.  8  N.  R.  6  W  

T.  8  N.  R.  7  W  

T.  8  N.  R.  8  W  

T.  7  N.  R.  8  W  

20 

T.  7  N.  R.  7  W  

T.  7  N.  R.  6  W  

T.  7  N.  R.  5  W  

T.  6  N.  R.  5  W  

T.  6  N.  R.  6  W  

3 

1 

2 

8 
5 

T.  6  N.  R.  7  W  

T.  6  N.  R.  8  W  

13 
2 

T.  5  N.  R.  8  W  

T.  5  N.  R.  7  W  

2 
1 
2 

T.  5  N.  R.  6  W  

T.  5  N.  R.  5  W  

Total  

576 

24.5 

421 

35 

95.5 

Area  573  square  miles  in  576  sections. 

Number  of  farms,  3,602. 

Average  value  per  acre,  $36.85. 

Square  miles  in  farms,  549.2. 

Per  cent  of  land  area  in  farms,  94.9. 

Per  cent  of  farm  land  improved  79.1,  or  75.56  per  cent  of  county. 
Principal  crops:    Hay,  corn,  wheat,  oats,  beans,  potatoes,  rye. 
The  moraines  as  well  as  till  plains  are  largely  rich  clay  soil. 

The  sandy  land,  chiefly  along  lines  of  glacial  drainage,  has  usually  a  loam  admixture  or  cover. 
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IOSCO  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


T. 

24, 

R. 

5  E ,  . 

T. 

24 

R 

6  E 

X  . 

24 

rj ' 

XV. 

7  E 

T 

24! 

R. 

8  E 

T. 

24, 

R. 

T. 

23, 

R. 

5  E 

T. 

23, 

R. 

6  E 

T. 

23, 

R. 

7  E 

T. 

23, 

R. 

8  E 

T. 

23, 

R. 

9  E 

T. 

22, 

R. 

5  E 

T. 

22, 

R. 

6  E 

T. 

22, 

R. 

7  E 

T. 

22, 

R. 

8  E 

T. 

22, 

R. 

9  E 

T. 

21. 

R. 

5  E 

T. 

21,  R. 

6  E 

T. 

21,  R. 

7  E.  . 

36 
36 
36 
36 
20 

36 
36 
35. 

25 

2 
36 
36 
26 


10 

i  3L 
\  IS 

4 
1 
1 


2 
2 

1.5 
i  3L 
\  4S 


Total. 


563.5 


69.5 


26 
5 
2 
5 


30 
16 
26 


153 


10 


21 
36 
36 
26 

19 

2 
30 
30 
23 
17 

4 
18 


16 
2 
12 
29 
12 


341 


Area  553  square  miles  in  563.5  sections,  including  lakes. 

Number  of  farms,  958. 

Average  value  per  acre,  S13.03. 

Square  miles  in  farms,  176. 

Per  cent  erf  land  area  in  farms,  30.9. 

Per  cent  of  farm  land  improved  36.1,  or  11.15  per  cent  of  county. 
Principal  crops:    Hay,  potatoes,  oats,  corn,  peas,  rve. 

The  productive  soil  is  chiefly  in  the  western  part,  the  remainder  being  largely  a  light  sandy 
soil.    In  the  ancient  delta  of  the  Au  Sable  there  is  very  little  loam. 
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ISABELLA  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


Gravelly 
loam. 
Sees. 


T.  16,  R.  3  W 

T.  16,  R.  4  W 
T.  16,  R.  5  W 
T.  16,  R.  6  W 
T.  15,  R.  6  W 

T.  15,  R.  5  W 
T.  15,  R.  4  W 
T.  15,  R.  3  W 
T.  14,  R.  3  W 
T.  14,  R.  4  W 

T.  14,  R.  5  W 
T.  14,  R.  6  W 
T.  13,  R.  6  W 
T.  13,  R.  5  W 
T.  13,  R.  4  W 
T.  13,  R.  3  W 

Total.. 


3b 

36 
36 
36 
36 

36 
36 

36 
36 
36 


36 
36 
36 
36 
36 


576 


/  6 
125LC 
12 


10 

/  9 
\  13Lc 

21 
/  8 
1  2Lc 

20 


10 
7 
2 
16 
27 


17 
18 
33 
10 

10 

10 


13 
16 
15 
22 
12 
4 


29 


201 


185 


3 
1 

2 
3 
22 


24 
10 


132 


10 


29 


Area  576  square  miles  and  576  sections. 

Number  of  farms,  3,456. 

Average  value  per  acre,  $29.14. 

Square  miles  in  farms,  466, 

Per  cent  of  land  area  in  farms,  81.4. 

Per  cent  of  farm  land  improved  64.8,  or  52.7  per  cent  of  county. 
Principal  crops:    Hay,  beans,  corn,  oats,  wheat,  rye,  potatoes. 
The  gravelly  land  has  only  a  thin  and  patchy  coating  of  loam. 

The  lake  clay  is  a  thin  deposit  over  clayey  till.  The  undeveloped  land  is  largely  in  the  sandy 
portion. 
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Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey    j  Sandy 
till.  till. 
Sees.  Sees. 


Sandv. 
Sees. 


T.  1  S.  R.  2  E. 
T.  1  S.  R.  1  E. 
T.  1  S.  R.  1  W 
T.  1  S.  R.  2  W 
T.  1  S.  R.  3  W 

T.  2  S.  R.  3  W 
T.  2  S.  R.  2  W 
T.  2  S.  R.  1  TV 
T.  2  S.  R.  1  E. 
T.  2  S.  R.  2  E. 

T.  3  S.  R.  2  E. 
T.  3  S.  R.  1  E. 
T.  3  S.  R.  1  W 
T.  3  S.  R.  2  W 
T.  3  S.  R.  3  W 

T.  4  S.  R.  3  W 
T.  4  S.  R.  2  W 
T.  4  S.  R.  1  W 
T.  4  S.  R.  1  E. 
T.  4  S.  R.  2  E. 


36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 


9 
20 
92 
28 
19 

27 
26 
15 
9 


10 
5 
10 
20 
24 

27 
23 
24 
20 

3 


12 


3 
2 
6 
10 
4 

2 
7 
15 
4 


Total   720  94  43      :        349      ;        111  123 

I  ! 

Area  712.3  square  miles  in  720  sections,  including  lakes. 

Number  of  farms.  3,736. 

Average  value  per  acre,  S33.96. 

Square  miles  in  farms,  660. 

Per  cent  of  land  area  in  farms,  93.4. 

Per  cent  of  farm  land  improved  72,  or  67.25  per  cent  of  county. 
Principal  crops:    Hay,  com,  oats,  wheat,  rye,  potatoes. 

The  sandy  till  though  productive  is  exceptionally  stony,  wall  fences  being  common  in  much 
of  the  western  half  of  the  county.  The  gravelly  outwash  plains  have  a  thin  cover  of  rather 
light  sandy  loam.    Eskers  and  prominent  kames  are  included  in  the  gravelly  land. 


110 


SURFACE  GEOLOGY. 
KALAMAZOO  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


T.  1  S.  R.  9  W 
T.  1  S.  R.  10  W 
T.  1  S.  R.  11  W 
T.  1  S.  R.  12  W 
T.  2  S.  R.  12  W 

T.  2  S.  R.  11  W 
T.  2  S.  R.  10  W 
T.  2  S.  R.  9  W 
T.  3  S.  R.  9  W 
T.  3  S.  R.  10  W 

T.  3  S.  R.  11  W 
T.  3  S.  R.  12  W 
T.  4  S.  R.  12  W 
T.  4  S.  R.  11  W 
T.  4  S.  R.  10  W 
T.  4  S.  R.    9  W 

Total.. .  . 


36 

4 

36 

4 

36 

5 

36 

6 

36 

1 

36 

6 

36 

2 

36 

2 

36 

1 

36 

3 

36 

5 

36 

3 

36 

1 

36 

3 

36 

1 

36 

3 

576 


50 


66 


78 


65 


Area  559  square  miles  in  576  seetions,  including  lakes. 

Number  of  farms,  3,372. 

Average  value  per  acre,  S41.72. 

Square  miles  in  farms,  517.2. 

Per  cent  of  land  area  in  farms,  92. 

Per  cent  of  farm  land  improved  80.7,  or  71.25  per  cent  of  county. 
Principal  crops:    Hay,  corn,  wheat,  oats,  potatoes,  rye. 

The  extensive  gravel  plains  have  usually  a  rich  loam  at  surface.  Vineyards  are  planted 
extensively  on  the  lightest  portions  of  the  sandy  till. 


KALKASKA  COUNTY. 


Section. 


T.  28, 
T.  28, 


R.  5  W 
R.  6  W 
R.  7  W 

R.  8  W 

R.  5  W 

R.  6  W 
R.  7  W 
R.  8  W 
R.  5  W 
R.  6  W 

R.  7  W 
R.  8  W 
R.  5  W 
R.  6  W 
R.  7  W 
R.  8  W 

Total.. 


Area 
sections. 


36 
36 
36 

35 

36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 
36 


Swamp 
and  lake. 
Sees. 


4 
2 

/  2L 
\  4S 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


15 

13 

14 

7 

21 

6 

18 

7 

8 

10 

6 

14 

8 

20 

2 

18 

11 

6 

21 

10 

10 

18 

8 

24 

14 

13 

22 

8 

575 


94 


192 


160 


Area  661  square  miles  in  575  sections,  including  lakes. 

Number  of  farms,  842. 

Average  value  per  acre,  $16.15. 

Square  miles  in  farms,  126. 

Per  cent  of  land  area  in  farms,  22, 

Per  cent  of  farm  land  improved  52.9,  or  11.64  per  cent  of  county. 
Principal  crops:    Hay,  potatoes,  com,  oats,  rye,  wheat. 

The  gravelly  plains  like  the  sandy  have  only  a  thin  patchy  cover  of  loam.  Farming  is  usually 
profitable  along  a  morainic  belt  of  sandy  till  southeast  of  Boardman  River. 
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KENT  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sees. 


T.  10  X.  R.  9  W.. 
T.  10  X.  R.  10  W. 
T.  10  X.  R.  11  W. 
T.  10  N.  R.  12  W. 
T.  9  N.  R.  12  W.. 


9  X, 
9  X, 
9  X 
8  X, 
8  N 


R.  11  W. 
R.  10  W. 
R.  9  W.. 
R.  9  W.. 
R.  10  W. 


T.  8  X.  R.  11  W. 
T.  8  X.  R.  12  TT. 
T.  7  X".  R.  12  W. 
T.  7  X.  R.  11  W. 
T.  7  N.  R.  10  W. 

T.  7  X.  R.  9  W. . 
T.  6  X'.  R.  9  W.. 
T.  6  X.  R.  10  W. 
T.  6  X.  R.  11  W. 
T.  6  X.  R.  12  W. 

T.  5  N.  R.  12  W. 
T.  5  N.  R.  11  W. 
T.  5  X.  R.  10  W. 
T.  5  X.  R.  9  W.. 


Total. 


36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 


35 


13 
6 
3 
7 

10 

2 
16 
12 
24 

2 

1 

23 
8 
18 


2 
11 

9 
23 


25 
17 
27 


259 


3 
10 
17 
10 
17 

14 
7 
8 
8 

26 

15 
11 
19 
9 
21 

25 
17 
18 
2 


26 


314 


16 
14 
13 
18 


20 
11 
12 


11 

28 

10 
3 
10 


2i2 


14 


Area  852.2  square  miles  in  864  sections,  including  lakes. 

Number  of  farms,  6,276. 

Average  value  per  acre,  839.00. 

Square  miles  in  farms,  759.44. 

Per  cent  of  land  area  in  farms,  88.3. 

Per  cent  of  farm  land  improved  75.2,  or  66.4  per  cent  of  county. 
Principal  crops:    Hay,  potatoes,  com,  oats,  wheat,  rye,  beans. 

The  outwash  and  glacial  drainage  is  chiefly  sandy  with  a  thin  or  patchy  cover  of  loam. 
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SURFACE  GEOLOGY. 


LAKE  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


T.  20,  R.  11  W. 
T.  20,  R.  12  W, 
T.  20,  R.  13  W. 
T.  20,  R.  14  W. 
T.  19,  R.  11  W. 

T.  19,  R.  12  W. 
T.  19,  R.  13  W, 
T.  19,  R.  14  W. 
T.  18,  R.  11  W. 
T.  18,  R.  12  W, 

T.  18,  R.  13  W, 
T.  18,  R.  14  W, 
T.  17,  R.  11  W, 
T.  17,  R.  12  W, 
T.  17,  R.  13  W, 
T.  17,  R.  14  W 

Total..  .  , 


36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 
36 


20 


20 

5 

11 

20 

5 

30 

8 

17 

28 

7 

15 

12 

6 

14 

8 

14 

29 

12 

8 

5 

17 

8 

11 

12 

2 

8 

16 

1 

35 

12 

3 

576 


32 


188 


211 


Area  571  square  miles  in  576  sections,  including  lakes. 

Number  of  farms,  732. 

Average  value  per  acre,  $14.03. 

Square  miles  in  farms,  137. 

Per  cent  of  land  area  in  farms,  23.7. 

Per  cent  of  farm  land  improved  38.6,  or  8.15  per  cent  of  county. 
Principal  crops:    Hay,  potatoes,  corn,  rye,  oats. 
The  outwash  plains  are  generally  sandy  and  largely  uninhabited, 
veloped  chiefly  in  the  eastern  half  on  sandy  and  clayey  till. 


Farming  has  been  de- 
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Section, 


T.  10.  E.  10  E. 
T.  10.  R.  11  E. 
T.  10.  R.  12  E. 

(South  Half) 
T.  9,  R.  9  E..  . 
T.  9,  R.  10  E.. 

T.  9,  R.  11  E.. 
T.  9,  R.  12  E.. 
T.  8.  R.  9  E..  . 
T.  8,  R.  10  E.. 
T.  8,  R.  11  E.. 

T.  8,  R.  12  E.. 

T.  7,  R.  9  E..  . 
T.  7,  R.  10  E.. 
T.  7,  R.  11  E.. 

T.  7,  R.  12  E.. 

T.  6,  R.  9  E..  . 
T.  6,  R.  10  E  . 
T.  6,  R.  11  E.. 

T.  6,  R.  12  E.. 
Total..  . 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


36 
36 
18 

36 
36 

36 
36 
36 
36 
36 

36 

36 
36 
36 

36 


1 
1 

1.5 


Clavev 
tiil.' 
Sees. 


Sandv 
till.' 
Sees. 


Sandy, 
Sees. 


•-)- 
30 
15 


lis 

\  2Lc 
20 
26 
4 

/  4 
^  14Lc 


6Lc 
15 


1.5 


10 


Gravelly 
loam. 


666 


370 


148. 


Area  662.5  square  miles  in  666  sections,  including  lakes. 

Number  of  farms,  3,808. 

Average  value  per  acre.  S25.51. 

Square  miles  in  farms,  625.7. 

Per  cent  of  land  area  in  farms,  93.9. 

Per  cent  of  land  area  improved  74.1,  or  68.58  per  cent  of  county. 
Principal  crops:    Hay,  oats,  potatoes,  beans,  corn,  rye,  wheat. 

Sandy  land  chiefly  in  lines  of  glacial  drainage.  The  lake  clav  forms  a  very  thin  cgating 
over  clayey  till. 


15 
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SURFACE  GEOLOGY. 
LEELANAU  COUNTY. 


Section. 


Fox  Islands. 

7 

T.  32,  R.  10  W  

3 

5 

T.  32,  R. 

11 

W  

N.  Manitou  Island .... 

21 

S.  Manitou  Island  

7 

T.  31,  R. 

11 

W  

26 

T.  31,  R. 

12 

W  

5 

T.  30.  R. 

11 

w  

23 

T.  30,  R. 

12 

w  

24 

T.  30,  R. 

13 

w  

1 

5 

T.  29,  R. 

11 

"VV  

19 

5 

T.  29,  R. 

12 

w  

35 

5 

T.  29,  R. 

13 

w  

33 

5 

T.  29,  R. 

14 

w  

20 

T.  29,  R. 

15 

w  

1 

T.  28,  R. 

11 

w  

14 

T.  28,  R. 

12 

w  

36 

T.  28,  R. 

13 

w  

36 

T.  28,  R. 

14 

w  

36 

T.  2S.  R. 

15 

w  

3 

5 

Total. 


Area 
sections. 


364 . 5 


Swamp 
and  lake. 
Sees. 


2 

1.5 
1 

5L 
IS 


0.5 
1  4L 
1  3S 
/  3L 
1  3S 
I  5L 
I  IS 


f  3L 
1  7S 

i  4L 
\  2S 
0.5 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


1.5 

9 

15.5 

9 
10 

0.5 

2 
16 

16 
16 


133 


Sandy. 
Sees. 


7 

3.5 

5 

3 


3 

6.5 
4 

0.5 
4 


65 . 5 


37 


.^rea  312.6  s(iuare  miles  in  363.5  sections,  including  21  sections  in  lakes. 
Number  of  farms,  1,444. 
Average  value  per  acre,  .S20.52. 
S(|uare  miles  in  farms,  249. 
Per^.-ent  of  land  area  in  farms,  73.6. 

Per  cent  of  farm  land  improved  52.6,  or  38.7  per  cent  of  county. 
Principal  crops:     I'otatoes,  hay,  corn,  oats,  rye,  wheat. 

This  county  has  a  good  soil  and  is  in  an  exceptionally  favored  situation  for  growing  orchards, 
fruits,  anri  vegetables,  being  a  peninsula  between  Lake  Michigan  and  Grand  Traverse  Bay. 
But  in  this  direction  there  iias  been  less  development  than  in  neighboring  counties.  The  Mani- 
tou Islands  in  J^ake  .Micliigan  (which  belong  to  this  county)  are  also  favorably  situated  for 
growing  orchards  and  fruits. 
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LENAWEE  COUNT Y. 


Section. 

Area 
sections. 

Swamp 
and  lake. 
Sees. 

CI  aye  V 
till. 
Sees. 

Sandv 
till.^ 
Sees. 

Sandv. 
Secs^. 

Gravelly 
loam. 
Sees. 

T.  .5  S.  R.  1  E  

T  5  S  R  2  E 

36 
36 
36 
36 

36 

36 

36 

36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 

36 

36 

3 
4 
2 

i 
1 

5 
10 
21 
15 

i  3 
\24Lc 

30Lc 
i  6 
\  6Lc 

97 

30 

12 

32 
33 
16 

3Lc 
llLc 

35Lc 
34  Lc 
30  Lc 

{  4Lc 
31 

4.5 
2 

5.5 
4.5 
3.5 

16 
14 
10 
10 

3 

3 

9 

T  5  S  R  3  E 

8 
3 

5 
7 

2 

T.  5  S.  R.  4  E  

T.  4  S.  R.  5  E  

T  6  S  R  o  E 

2 
2 

0 
0 

T.  6  S.  R.  4  E  

T  6  R  3  E 
T  6  R  E 

1 

1 
I 

4 

1 
\ 

1 
I 
1 

3 

20 
2 

T  6  R  1  E 

T.  7,  R.  1  E  

1 

2 

10 
97 

24 

9 
^3 

4 

2 
2 

T  7  R  E 

T.  7!  R.  3  E  

9 

T  7  R  4  E 

T  7  R  5  E 

T  8  R  5  E 

T  8  R  4  E 

T.  8,  R.  3  E  

3 
5 

T.  8.  R.  E  

T.  8  S.  R.  1  E  

1 

T.  9  S.  R.  1  E  

6.5 
6.0 
5.5 
4.5 
3.5 

T.  9  H.  R.  2  E  

2 

T.  9  S.  R.  3  E  

T.  9  S.  R.  4  E  

T.  9  S.  R.  5  E  

■ 

Total  

746 

24 

443 

112 

131 

36 

Area  754.4  square  miles  in  746  sections,  including  lakes. 

Number  of  farms,  5,334. 

Average  value  per  acre,  S53.26. 

Square  miles  in  farms,  722. 

Per  cent  of  land  area  in  farms,  97.2. 

Per  cent  of  farm  land  improved  82.2,  or  79.9  per  cent  of  county. 
Principal  crops:    Hay,  corn,  oats,  wheat,  potatoes. 

Aside  from  the  .sandy  land,  which  is  confined  largely  to  the  old  lake  beds  and  deltas,  this 
county  has  an  e.xceptionally  productive  soil  under  a  high  state  of  cultivation.  The  sandy  soil 
has  in'^places  a  light  loam  at  surface,  while  in  places  in  the  eastern  part  a  clay  subsoil  at  moderate 
depth  keeps  the  sand  moist  and  productive. 
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SURFACE  GEOLOGY. 

LIVINGSTON  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


Gravelly 
loam. 
Sees. 


T. 

4  N. 

R. 

3  E  

T. 

4  N. 

R. 

4  E  

T. 

4  N. 

R. 

5  E  

T. 

4  N. 

R. 

6  E  

T. 

3  N. 

R. 

6  E  

T. 

3  N. 

R. 

5  E  

T. 

3  N. 

R. 

4  E  

T. 

3  N. 

R. 

3  E  

T. 

2  N. 

R. 

3  E  

T. 

2  N. 

R. 

4  E  

T. 

2  N. 

R. 

5  E  

T. 

2  N. 

R. 

6  E  

T. 

1  N. 

R. 

6  E.  .....  . 

T. 

1  N. 

R. 

5  E  

T. 

1  N. 

R. 

4  E  

T. 

1  X. 

R. 

3  E  

36 

4 

36 

4 

36 

4 

36 

3 

36 

5 

36 

o 

36 

3 

36 

4 

36 

10 

36 

4 

36 

5 

36 

4 

36 

7 

36 

9 

36 

5 

36 

Total. 


576 


82.5 


22 

26 

23 

16.5 

18 

29 
27 


23 

11 
5. 
6 
4 
4. 
3 


265.5 


5 
3 
5 
10 
9 

2.5 
3 


131 .5 


Area  578.4  square  miles  in  576  sections,  including  lakes. 

Number  of  farms,  2,775. 

Average  value  per  acre,  S27.17. 

Square  miles  in  farms,  545.4. 

Per  cent  of  land  area  in  farms,  96. 

Per  cent  of  farm  land  improved  70.9,  or  68  per  cent  of  county. 
Principal  crops:    Hay,  corn,  oats,  beans,  rye,  wheat,  potatoes. 

In  the  gravelly  land  are  included  eskers  in  the  central  and  northwestern  parts.  The  outwash 
plains  have  only  a  thin  cover  of  loam.  Swam])  areas  are  largely  estimated  from  topographic 
maps  of  theU.  S.  Geological  Survey. 


MACOMB  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clavev 
till. 
Sees. 


Sandy 
till." 
Sees. 


Sandy 
Sees. 


Gravelly 
loam. 

Sees, 


T. 

5 

N. 

R. 

12 

E 

T. 

5 

N. 

R. 

13 

E 

T. 

5 

N. 

R. 

14 

E 

T. 

4 

N. 

R. 

14 

E 

T. 

4 

N. 

R. 

13 

T. 

4 

N. 

R. 

T. 

3 

N. 

R. 

12  E 

T. 

3 

N. 

R. 

13  E 

T. 

3 

N. 

R. 

14  E 

T. 

2 

N. 

R. 

14  i: 

T. 

2 

N. 

R. 

13  E 

T. 

2 

N. 

R. 

12  E 

T. 

1 

N. 

R. 

12  E 

T. 

1 

X. 

R. 

13  E. 

Total. 


36 

36 
36 
36 
36 


36 

36 
36 
30 
15 

36 
36 
36 


468 . 5 


1 

0.5 


12.5 


1  19 
1  7Lc 

30  Lc 

31  Le 
27  Lc 
23 

/  9 

I  9Lc 
4Lc 
16Lc 
25  fx- 
lOLc 

32  Le 
ISLc 
12Le 

25.5LC 


297 . 5 


5 

1.5 


8.5 


1 36 


Area  479.6  square  miles  in  468,5  sections. 

Xumber  of  farms,  3,764, 

Average  value  per  acre,  $44,85. 

Square  miles  in  farms,  447.7. 

I^er  cent  of  land  area  in  farms,  94.8. 

Per  cent  of  farm  land  improved  80.8,  or  76.6  per  cent  of  county. 
Principal  crops:    Hay,  oats,  corn,  potatoes,  wheat,  beans,  rye. 

The  blue  clay  is  a  thin  deposit  generally  overlying  clayey  till.  The  .sandy  and  gravelly  soils 
of  lake  bottoms  as  well  as  of  outwash  plains  have  in  places  a  light  sandy  loam  at  surface  and 
are  largely  under  cultivation. 
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Area 
sections 


swamp 
and  lake. 
Sees. 


Clavey 

tm. 

Sees. 


Sandy 
till.' 
Sees. 


Sandy. 
Sees. 


Gravelly 
loam. 
Sees. 


T. 

24. 

R. 

13 

W 

T 

24. 

R. 

14 

T 

24! 

R 

1.5 

T. 

24i 

R. 

16 

T. 

23, 

R. 

13 

w 

T. 

23, 

R. 

14 

T. 

23. 

R. 

15 

w 

T. 

23, 

R. 

16 

T. 

22. 

R. 

13 

w 

T. 

22! 

R. 

14 

T. 

22. 

R. 

15 

T. 

22! 

R. 

16 

T. 

90 

R. 

17 

w 

T. 

21! 

R. 

13 

w 

T. 

21. 

R. 

11 

T. 

21. 

R. 

15 

T. 

21. 

R. 

16 

T. 

21. 

R. 

17 

36 
36 
36 
19 
36 

36 
36 
22 
36 
36 

36 

33.0 
1.0 
36 

36 
36 
36 
15 


4 
3 

6L 

3 


3 

6.5 


26 


4 
12 
24 

16 

g 

0.5 
36 

31 

33 


12 


Total. 


559 


48.5 


145 


85 


Area  540  square  miles  in  559  sections. 

Xumber  of  farms,  1,648. 

Average  value  per  acre,  S22.75. 

Square  miles  in  farms,  226.4. 

Per  cent  of  land  area  in  farms,  40.3. 

Per  cent  of  farm  land  improved  51.7.  or  20.8  per  cent  of  county. 
Principal  crops:    Potatoes,  hay,  corn,  rye,  oats. 

Much  of  the  gravelly  land  as  well  as  sandy  till  has  been  farmed  profitably 
is  largely  uncultivated. 

MASOX  COUXTY. 


The  sandy  land 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees.' 


Sandy. 
Sees'. 


Gravelly 
loam. 
Sees. 


T. 

20, 

R. 

15 

w  

T. 

20, 

H. 

16 

w  

T. 

20, 

R. 

17 

w  

T. 

20. 

R. 

18 

w  

T. 

10, 

n. 

15 

w  

T. 

19, 

R. 

16 

w  

T. 

19, 

R. 

17 

vv  

T. 

19, 

R. 

IS 

\v  

T. 

IH. 

H. 

15 

w  

T. 

IH, 

I{. 

16 

w  

T. 

IH. 

n. 

17 

w  

T. 

IH. 

U. 

18 

\\  

T. 

17, 

H. 

J  5 

\\'  

T. 

17. 

I{. 

16 

w  

T. 

17. 

H. 

17 

w 

T. 

17, 

F{. 

IS 

w  

Total. 


499 


10 


'  ■.i .  5 


98.5 


31 
22 
20 
9 

8 

15 
21 
24 
13 
1  I 

23 
10 
12 
10 
(> 


237 


12 


.Area  49.'J  Hqtiare  milfH  in  499  .sections.  inrlMflini:  liikfs. 

NninluT  of  farms,  2.124. 

/Xvfrair*-  valiH-  jxt  acre,  $.'U).OS 

S(|uarf  nii!»s  in  farms,  2()7.6ri. 

Per  r»-iif  of  land  an-a  in  farms,  frLJ. 

Per  cfiif  of  farm  land  improved  or  31.9  [wr  cent  of  eoniily. 

Prinfii)al  crops      Flay,  potatoes,  corn,  wheat,  oats.  rye. 

There  is  ronsifh  raltle"\ininhabit»fl  sandy  land  in  the  northern  part,  and  a  belt  of  dnnes  north 
from  I,iidinirtf)n  exterulinc  in  s«)tne  places  some  mih-s  inland.    The  remainder  of  the  county 

i-  i.irL"  1-.   i.r-.'lMr  f  r,  .    irniu..-,  .  -I  !,iti-l 
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SURFACE  GEOLOGY. 


MECOSTA  COUNTY. 


Section. 


T.  16,  R.  7  W. 
T.  16,  R.  8  W. 
T.  16,  R.  9  W. 
T.  16,  R.  10  W 
T.  15,  R.  10  W 

T.  15,  R.  9  W. 
T.  15,  R.  8  W. 
T.  15,  R.  7  \V. 
T.  14,  R.  7  W. 
T.  14,  R.  8  W. 

T.  14,  R.  9  W. 
T.  14,  R.  10  W 
T.  13,  R.  10  W 
T.  13,  R.  9  W. 
T.  13,  R.  8  W. 
T.  13,  R.  7  W. 

Total..  . 


Area 
sections. 


36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 
36 


576 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


10 


68 


Sandy 
till. 
Sees. 


21 
27 
23 
14 
24 

28 
19 
23 
26 
6 


299 


Sandy. 
Sees. 


13 


19 


120 


Gravelly 
loam. 
Sees. 


Area  565.5  square  miles  in  576  sections,  including  lakes. 

Number  of  farms,  2,823. 

Average  value  per  acre,  $16. 67. 

Square  miles  in  farms,  446.5. 

Per  cent  of  land  area  in  farms,  78.2. 

Per  cent  of  farm  land  improved  55.9,  or  43.7  per  cent  of  county. 
Principal  crops:    Hay,  corn,  potatoes,  rye,  oats,  beans,  wheat. 

There  is  very  little  loam  on  the  sand  and  gravel  outwash  plains  and  they  are  largely  un- 
cultivated. About  40  per  cent  of  the  sandy  till  has  light  soil,  the  remainder  ranges  from  sandy 
loam  to  stony  but  is  productive. 


MIDLAND  COUNTY. 


Section. 

Area 
sections. 

Clayey 
till. 
Sees. 

Sandy. 
Sees. 

T.  16, 

R.  2 

36 

16 

20 

T.  16, 

R.  1 

!•:  

24 

10 

14 

T.  16, 

R.  1 

w  

3() 

10 

26 

T.  16, 

R.  2 

w  

3() 

9 

27 

T.  15, 

R.  2 

w  

36 

15 

21 

T.  15, 

R.  1 

w...   

36 

11 

25 

T.  15. 

R.  1 

E  

24 

2 

22 

T.  15, 

R.  2 

E  

3r) 

19 

17 

T.  14. 

R.  2 

E  

36 

15 

21 

T.  14, 

R.  1 

E  

24 

9 

15 

T.  14, 

R.  1 

W  

36 

8 

28 

T.  14. 

R.  2 

w  

36 

9 

27 

T.  13. 

R.  2 

w  

36 

1  1 

25 

T.  13. 

R.  1 

w  

36 

!!» 

17 

T.  13, 

R.  1 

E  

24 

18 

6 

T.  13. 

R.  2 

E  ; . 

36 

19 

17 

Total  

528 

200 

328 

Area  525  square  miles  in  528  sections. 

Number  of  farms,  2,246. 

Average  value  per  acre,  $24.08. 

Square  miles  in  farms,  276. 

Per  cent  of  land  area  in  farms,  52.2. 

Per  cent  of  farm  land  improved  53.6,  or  27.98  per  cent  of  county. 
Principal  crops:    Hay,  oats,  corn,  beans,  wheat. 

Data  on  distribution  of  clayey  and  sandy  soils  were  furnished  l)y  F.  B.  Taylor  and  Charles 
A.  Davis  who  covered  the  county  in  a  general  reconnaissance  but  did  not  attempt  detailed 
mapping.    The  clay  is  in  part  clayey  till  and  in  part  lake  clay. 
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MISSAUKEE  COUNTY. 
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Section. 


T 

24 

R 

- 

W 

T. 

24! 

r! 

6 

W 

T. 

24, 

R. 

7 

w 

T. 

24, 

R. 

8 

w 

T. 

23, 

R. 

5 

w 

T. 

23, 

R. 

6 

w 

T. 

23, 

R. 

7 

w 

T. 

23, 

R. 

8 

w 

T. 

22, 

R. 

5 

w. 

T. 

22, 

R. 

6 

w 

T. 

22, 

R. 

7 

w 

T. 

22, 

R. 

8 

w 

T. 

21, 

R. 

5 

w 

T. 

21, 

R. 

6 

w 

T. 

21, 

R. 

7 

w 

T. 

21, 

R. 

8 

w 

Total 


Area  - 
sections. 


576 


Swamp 
and  lake. 
Sees. 


18 
10 
5 
11 
16 

20 
10 
6 
13 


14 

5.5L 

3.5 

3 
11 


Clayey 
till. 
Sees. 


161 


Sandy 
till. 
Sees. 


101 


Sandy. 
Sees. 


10 


5 

12 

10 

2 

7 

8 

5 

7 

8 

12 

9 

4 

11 

5 

3 

20 

7 

96 


Area  567  square  miles  in  576  sections,  including  lakes. 
Number  of  farms,  1,439. 
Average  value  per  acre,  $17.37, 
Square  miles  in  farms,  230.    "  - 
Per  cent  of  land  area  in  farms,  39.6. 

Per  cent  of  farm  land  improved  41.3,  or  16.35  per  cent  of  county. 
Principal  crops:    Hay,  potatoes,  oats,  corn,  rye,  wheat,  peas. 

The  sandy  and  gravelly  areas  have  very  little  loam  at  surface  and  are  largely  uncultivated. 
Some  of  the"^  swamp  land  has  a  clay  subsoil  and  may  be  drained  and  brought  under  cultivation 
at  moderate  expense. 
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SURFACE  GEOLOGY. 


MONROE  COUNTY. 


Section. 

Area 
sections. 

Swamp 
and  lake. 
Sees. 

Clayey 
till. 
Sees. 

Sandy. 
Sees. 

36 
36 
36 
36 
21 

16.5 

34 
36 
36 
36 

36 
36 

35.5 
17 
•  23 

36 
36 

3/ 

3 

1 

27Lc 
4Le 
23  Lc 
24Lc 
19Lc 

15.5LC 
27Le 

21  Le 

22  Lc 
30  Lc 

IGLc 

17Lc 

25.5LC 

12Le 

18Le 

4.5LC 
22  Lc 
1 .5Lc 
ILc 
ILc 

9 
32 
13 
12 

1 

T.  5  S.  R.  7  E  

C   C3     D     Q  T? 

^   Q     T>     1  n  TP 

1 
1 

T.  6  S.  R.  9  E  

7 
15 
14 

6 

26 
19 
10 

Q     T>     T  XT' 

A   Q     "D  XT' 

i  .  /  o.  ix.  O  jti  

T.  7  S.  R.  7  E  

T.  7  S.  R.  8  E  

T.  7  S.  R.  9  E  

5 

5 

31.5 
13 
1.5 

2 

T.  8  S.  R.  7  E  

T.  8  S.  R.  6  E  

1 

T.  9  S.  R.  6  E  

T.  9  S.  R.  7  E  

T.  9  S.  R.  8  E  

Total  

550 

8 

315 

217 

Area  554  s(4uare  miles  in  550  sections,  including  the  patented  lands  whose  areas  are  estimated 
in  square  miles. 

Number  of  farms,  4,321. 

Average  value  per  acre,  $51.57. 

Square  miles  in  farms,  519. 

Per  cent  of  land  areas  in  farms,  90.6. 

Per  cent  of  farm  land  improved  84.2,  or  76.28  per  cent  of  county. 
Principal  crops:    (^orn,  hay,  oats,  wheat,  potatoes. 

The  distribution  of  sandy  and  clayey  soils  here  given  is  based  upon  W.  H.  Sherzer's  map  of 
Surface  (Jeology  in  the  Geological  Survey  of  Michigan,  Vol.  VII,  Part  1.  The  lake  clay  is  thin 
and  usually  rests  on  clayey  till.  The  sand  in  places  is  underlain  at  depths  of  2  to  5  feet  by  clay 
that  keeps  it  moist.  There  are,  however,  areas  of  dry  sand,  drifted  in  places  into  low  ridges, 
especially  along  the  valleys  and  in  the  west  half  of  the  county. 
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Area 
sections. 


Swamp  Clayey 
and  lake,  i  Till. 
Sees.  Sees. 


Sandv 
Till/ 
Sees. 


Sandy 
Sees. 


Gravelly 
loam. 
Sees. 


T.  12.  R.  .5  W. 
T.  12.  R.  6  W. 
T.  12.  R.  7  W. 
T.  12.  R.  S  W. 
T.  12,  R.  9  W. 

T.  12.  R.  10  W 
T.  11.  R.  10  W 
T.  11.  R.  crW. 
T.  11.  R.  8  W. 
T.  11.  R.  7  W. 

T.  11.  R.  6  W. 
T.  11.  R.  .5  W. 
T.  10.  R.  5  W. 
T.  10.  R.  6  W. 
T.  10.  R.  7  W. 

T.  10.  R.  S  W. 
T.  9.  R.  S  W.  . 
T.  9.  R.  7  W.  . 
T.  9.  R.  6  W.  . 
T.  9,  R.  .5  W.  . 

Total..  . 


36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 


■20 


21 
17 
21 
18 


16 
20 
22 

15 
18 
14 

20 
14 

20 

99 

20 
4 


4 
9 

32 
6 
8 


31; 


113 


10 


36 


Area  710  square  miles  in  .20  sections,  including  lakes. 

Number  of  farms,  4,678. 

Average  value  per  acre.  S26.44. 

Square  miles  in  farms.  613.9. 

Per  cent  of  land  area  in  farms.  84.8. 

Per  cent  of  farm  land  improved  67.8.  or  .57.. 5  per  cent  of  county. 
Principal  crops:    Hay.  potatoes,  corn,  oats,  rye,  wheat,  beans. 

The  undeveloped  land  is  chiefly  in  sandy  plairis,  the  more  productive  land  being  under  profit- 
able cultivation. 
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Section. 


T. 

32, 

R. 

1 

E 

T. 

32, 

R. 

2 

E 

T. 

32, 

R. 

3 

E 

T. 

32, 

R. 

4 

E 

T. 

31, 

R. 

1 

E 

T. 

31, 

R. 

9 

E 

T. 

31, 

R. 

3 

E 

T. 

31, 

R. 

4 

E 

T. 

30, 

R. 

1 

E 

T. 

30, 

R. 

2 

E 

T. 

30, 

R. 

3 

E 

T. 

30, 

R. 

4 

E 

T. 

29, 

R. 

1 

E 

T. 

29, 

R. 

2 

E 

T. 

29, 

R. 

3 

E 

T. 

29, 

R. 

4 

E 

SURFACE  GEOLOGY. 
MONTMORENCY  COUNTY. 


Area 
sections. 


Total. 


36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 
36 


576 


Swamp 
and  lake. 
Sees. 


147 


Clayey 
till. 
Sees. 


86 


Sandy 
till. 
Sees. 


Sandy 
Sees. 


197 


114 


Gravelly 
loam. 
Sees. 


32 


Area  555.5  square  miles  in  576  sections,  including  lakes. 

Number  of  farms,  466. 

Average  value  per  acre,  $12.04. 

Square  miles  in  farms,  87. 

Per  cent  of  land  area  in  farms,  15. 

Per  cent  of  farm  land  improved  31.4,  or  4.7  per  cent  of  county. 
Principal  crops:    Hay,  oats,  potatoes,  wheat,  corn,  rye. 

The  outwash  gravel  of  the  southwest  part  has  a  fairly  productive  sandy  loam  capping.  The 
sandy  tracts  are  largely  in  lowlands  between  prominent  morainic  spurs.  Much  of  the  county 
is  spars-ely  settled,  the  main  inhabitation  being  near  Lewiston  and  near  Hillman. 
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MUSKEGOX  COrXTY. 


Section. 

Area 
sections.  | 

Swamp 
and  lake. 
Sees. 

^dlL"^ 
Sees. 

"^andv 
"till.' 
J?ees. 

Sandy. 
Sees'. 

T.  12.  R.  15  W  

36 
36 
36 
15 
4 

35 
36 
36 
36 

36 
36 
36 
26 

9 
36 
36 
36 

3 

3  . 

5 

o 

26 
33 
24 
6 
3 

27 

33 
35 

T"    1  O     T?     1  fi  W" 

T    "to     "D     IT  W 

9 

i.lz,  K.  lo  >V  

T    11      T?     1  <J  W 

1 

3 
2 
1 
1 

25  . 
o 

6 
7 

9 

6 
14 

3 

T    11     T?     IT  W* 

5 

"Til     T?     1  fi  W 

T'    1  1     T?     1  ^ 

T    in   Tt    1  W 

21 

5 
1 

14 

T.  10,  R.  14  W..  ;  

6 
33 
30 
IS 

30 
22 

T.  10,  R.  15  W  

T.  10.  R.  16  W  

T.  10.  R.  17  W  

T.  9.  R.  17  W  

T.  9,  R.  16  W  

T.  9,  R.  15  W  

:::::::::: 

T.  9.  R.  14  W  

21 

Total   521 

82 

7S 

i  16 

345 

Area  502.3  square  miles  in  521  sections,  including  lakes. 

Number  of  farms.  2,373. 

Average  value  per  acre.  S26.56. 

Square  miles  in  farms,  290. 

Per  cent  of  land  area  in  farms,  57.4. 

Per  cent  of  farm  land  improved  59.3,  or  34  per  cent  of  county. 

The  sandy  areas  are  largely  uncultivated  because  of  the  lightness  of  the  soil.  A  narrow 
strip  of  prominent  dunes  borders  the  shore  of  Lake  Michigan,  and  in  places  low  dunes  occur 
some  miles  inland.  The  till  areas  are  highly  productive.  Considerable  areas  in  the  southern 
part  of  the  county  have  a  compact  clay  subsoil  which  tends  to  keep  the  overlying  sand  moist 
and  productive.  , 
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SURFACE  GEOLOGY. 


NEWAYGO  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy 
Sees. 


T. 

16, 

R. 

11  W 

T. 

16, 

R. 

12  W 

T. 

16, 

R. 

13  W 

T. 

16 

R. 

14  W 

T. 

15, 

R. 

14  W 

T. 

15, 

R. 

13  ^\  . 

T. 

15, 

R. 

12  W 

T. 

15, 

R. 

11  W 

T. 

14, 

R. 

11  W 

T. 

14, 

R. 

12  W 

T. 

14, 

R. 

13  W 

T. 

14, 

R. 

14  W 

T. 

13, 

R. 

14  W 

T. 

13, 

R. 

i;:!  AV 

T. 

13, 

R. 

12  W 

T. 

13, 

R. 

11  W 

T. 

12. 

R. 

11  W 

T. 

12, 

R. 

12  W 

T. 

12, 

R. 

13  W 

T. 

12. 

R. 

14  W 

T. 

11. 

R. 

14  W 

T. 

11, 

R. 

1.3  W 

T. 

11. 

R. 

12  W 

T. 

11, 

H. 

11  W.  . 

36 

36 

3 

36 

5 

36 

6 

36 

7 

36 

4 

36 

36 

1 

OO 

36 

4 

36 

1 

86 

5 

36 

1 

36 

4 

36 

1 

36 

2 

36 

2 

36 

4 

36 

2 

36 

5 

36 

6 

36 

36 

14 

36 

2 

12 


Total, 


864 


86 


24 
15 
15 
3 
11 

18 
5 
35 
30 
14 

22 
15 
24 
16 
12 

15 
12 

3 
17 

3 

2 
24 
15 
24 


374 


10 

13 
16 
5 
8 
18 

16 
22 
29 
17 
23 

28 
•  6 
7 


315 


Area  847  square  miles  in  864  sections,  including  lakes. 

Number  of  farms,  3,130. 

Averat^e  value  per  acre,  .S21.43. 

Square  miles  in  farms,  509. 

Per  cent  of  land  area  in  farms,  59.8. 

Per  cent  of  farm  land  improved  51,  or  30.5  per  cent  of  county. 
Principal  crops.    Hay,  corn,  potatoes,  oats,  wheat,  rye,  beans. 

There  is  very  little  loam  on  the  sand  and  gravel  outwash  plains  and  they  are  largely  un- 
cultivated.   About  one-half  the  sandy  till  has  a  light  soil,  the  remainder  being  fair  to  good. 
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OAKLAND  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy. 
Sees. 


Gravelly 
loam. 
Sees. 


T. 

5  N. 

R. 

7  E 

T. 

5  N. 

R. 

8  E 

T. 

5  N. 

R. 

Q  E 

T. 

5  n! 

r! 

10  E 

T. 

5  N. 

R. 

11  E 

T. 

4  N. 

R. 

11  E 

T. 

4  N. 

R. 

10  E 

T. 

4  N. 

R. 

9  E 

T. 

4  N. 

R. 

8  E 

T. 

4  N. 

R. 

7  E 

T. 

3  N. 

R. 

7  E 

T. 

3  N. 

R. 

8  E 

T. 

3  N. 

R. 

9  E 

T. 

3  N. 

R. 

10  E 

T. 

3  N. 

R. 

11  E 

T. 

9  N 

R. 

11  E 

T. 

2  N. 

R. 

10  E. 

T. 

2  N. 

R. 

9  E 

T. 

2  N. 

R. 

8  E 

T. 

2  N. 

R. 

7  E 

T. 

1  N. 

R. 

7  E 

T. 

1  N. 

R. 

8  E 

T. 

1  N. 

R. 

9  E 

T. 

1  X. 

R. 

10  E 

T. 

1  N. 

R. 

11  E. 

4.5 


3 

4.5 


5.5 


21 
10 

3 

3 

1 

13 
3 

0.5 
3 
16 


6 
8 
6 

4Lc 

24  Lc 

5 
13 

1 

1.5 

9 
16 
19 
12 
10 


20 
13. 

8 
20 


14 


3 
13 
21 


1.5 


Total. 


900 


;i5 


316 


92.5 


162.5 


Area  899  square  miles  in  900  sections,  including  lakes. 

Number  of  farms,  4,993. 

Average  valiu;  per  acre,  .'$35.16. 

Square  n\\\<-s  in  farms,  847.2. 

Per  cent  of  Jaiul  area  in  farms,  95.6. 

Per  cent  of  farm  land  im7)roved  75.2,  or  71 .'.)  ])cr  rent  of  county. 

Principal  crops:    Hay,  potatoes,  corn,  oats,  wlicat,  rye.' 

The  outwasii  jdaiiis  and  t^lacial  drainage  strips  liave  f^cncrall y  a  li 
The  sandy  fill  soil  is  faii-  to  ^'ood  while  the  clayey  till  and  lakr  dny 
The  latter  is  a  tiiin  dcposil  ^'i  ncrail.v-  overlying  a  clayey  till. 


sandy  loam  cover. 
Iii^dily  productive. 
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SURFACE  GEOLOGY. 


OCEANA  COUNTY. 


Section. 


T.  16,  R.  15  W 
T.  16,  R.  16  W 
T.  16,  R.  17  W 
T.  16,  R.  18  W 
T.  15,  R.  19  W 

T.  15,  R.  18  ^\ 
T.  15,  R.  17 
T.  15,  R.  16  AV 
T.  15,  R.  15  W 
T.  14,  R.  15  W 

T.  14,  R.  16  W 
T.  14,  R.  17  W 
T.  14,  R.  18  AV 
T.  14,  R.  19  AA 

T.  13.  R.  18  A\ 

T.  13,  R.  17  AA" 

T.  13,  R.  16  A\ 

T.  13.  R.  15  AA 

Total..  . 


Area 
sections. 


36 
36 
36 
14 
2.5 

32.5 

36 

36 

36 

36 

36 
36 

35.5 
4 

25 
36 
36 
36 


545 . 5 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


2.5 
1 
2 
14 


0.5 


40 


36 


Sandy 
till. 
Sees. 


12 
20 
23 
8 
10 

20 
32 
17 

3 

13 
10 


220 


Sandy 
Sees. 


10 
13 
24 
12 
2.5 

12 
12 

9 

6 
10 

10 
3 
4 
1 

4 
26 
30 
27 


215.5 


Gravelly 
loam.' 
Sees. 


12 


34 


Area  539  square  miles  in  545.5  sections,  including  lakes. 

Number  of  farms,  2,806. 

Average  value  per  acre,  $27.71. 

Sfjuare  miles  in  farms,  380.8. 

Per  cent  of  land  area  in  farms,  70.1. 

Per  cent  of  farm  land  improved  62.3,  or  43.67  per  cent  of  county. 
Principal  crops.    Hay,  corn,  potatoes,  oat.s,  wheat,  rye,  beans. 

The  sandy  till  has  proved  a  highly  productive  .soil  for  peach  and  apple  orchards  as  well  as  for 
general  farming.  The  sandy  soils  are  largely  uncultivated  and  in  the  northwest  part  embrace 
a  belt  of  dunes.    The  gravelly  soil  has  in  places  a  light  loam  at  surface. 

OGEMAAV  COUNTY. 


Swamp 
and  lake. 
Sees. 

Clavey 
till. 
Sees. 

Sandy 
till. 
Sees. 

Sandy 
Sees. 

Gravelly 
loam. 
Sees. 

1 

I 

18 
13 

k; 

10 

19 
4 
5 

29 
5 

34 
18 

2 
6 

18 
10 

3 

4 

24 
12 

10 

26 

4 
5 

2 
3 
4 
() 
3 
3 

18 

3 
18 

26 

16 
:',1 
12 

4 
30 

2 
13 

7 
25 
29 

3 

45 

193 

138 

112 

88 

Section. 


Area 
sections. 


T. 

24. 

H. 

1 

T. 

24, 

R. 

2 

T. 

24, 

R. 

3 

T. 

24, 

R. 

4 

T. 

23, 

R. 

T. 

23, 

R. 

2 

T. 

23, 

R. 

3 

T. 

23, 

R. 

4 

T. 

22, 

R. 

1 

T. 

22, 

R. 

2 

T. 

22. 

R. 

3 

T. 

22 

R. 

4 

T. 

21,' 

R. 

1 

T. 

21, 

R. 

2 

T. 

21. 

R. 

3 

T. 

21, 

P.. 

4 

Total, 


36 
36 
36 
36 
36 

36 
36 
36 
36 
3() 

36 
36 
36 
36 
36 
36 


576 


Area  572  square  miles  in  576  sections. 

Number  of  farms,  1 ,283. 

Average  value  per  acre,  $14.25. 

S(|uare  miles  in  farms,  226. 

Per  cent  of  land  area  in  farms,  39. 

Per  cent  of  farm  land  improved  38.3,  or  14.94  per  cent  of  county. 
Principal  crops:    Hay,  oats,  potato^.s,  peas,  corn,  rye. 

The  gravel  outwash  plains  have  only  a  thin  capi)ing  of  light  sandy  loam.  These  and  the  sandy 
areas  an-  largely  uncultivated.  Considerable  rich  clayey  till  in  the  eastern  part  of  the  county 
is  also  uncultivated. 
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OSCEOLA  COUNTY. 


Section. 

Area 
sections. 

Swamp 
and  lake. 
Sees. 

Clayey 
till. 
Sees. 

Sandv 
till.' 
Sees. 

Sandy. 
Sees. 

T.  20.  R.  7  W  

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 
36 

6 

10 
20 
3 

20 
16 
28 

29 

17 
24 
22 
3 
21 

35 

99 
10 

24 
21 

3 

T.  20.  R.  S  W  



T  '^0  R  9  W 

T.  20.  R.  10  W  

\ 

3 
4 
2 
7 
2 

1 

2 
2 
2 

8 
10 

T.  19.  R.  7  W  

T  19  R  8  W 

21 

16 
8 

12 
/ 
5 

T.  19.  -R.  9  W  

T.  19.  R.  10  W   



T.  IS.  R.  t  W  

T.  18.  R.  8  W  

T.  18.  R.  9  W  

19 

8 



T.  IS,  R.  10  W  

T.  17.  R.  7  W  

T.  17.  R.  8  W  

T.  17,  R.  9  W.  

10 
6  . 

5 
14 

4 
15 

5 

T.  17.  R.  10  W  

2 

26 

576 

41 

156 

291 

88 

Area  .574  srjuare  miles  in  5/6  sections,  including  lakes. 

Number  of  farms,  2.574. 

Average  value  per  acre.  SI 7.58. 

Square  miles  in  farms.  388.2. 

Per  cent  of  land  area  in  farms.  67. .3. 

Per  cent  of  farm  land  improved  52.  or  .34.9  per  cent  of  county. 
Principal  crops:    Hay.  potatoes,  corn.  oats.  rye.  wheat,  peas. 

A  considerable  part  of  the  sandy  till  north  of  the  Muskegon  River  has  a  light  soil  and  is  sparse- 
ly settled. 

OSCODA  COUNTY. 

Section. 

Area 
sections. 

Swamp 
and  lake. 
Sees. 

Clayey 
till. 
Sees. 

Sandv 
till-' 
Sees. 

Sandy 
Sees. 

Gravelly 
loam.' 
Sees. 

T.  28.  R.  1  E  

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 
36 

1 

\ 

1 

~ 
1 

3 
8 
4 

3 
6 
16 
4 
3 

IS 
9 
S 

10 

s 

17 
10 

5 
8 
8 
26 

29 

T.  'S,  R.  2  E  

20 
4 

T.  28,  R.  .3  E  

T.  2S.  R.  4  E  

11 

29 
32 

T.  27,  R.  1  E  

T.  27.  R.  2  E  

:  ■ :  ■ :  ■ :  ■ : : 

,s 

12 
\ 
1 

12 

2 
4 

9 
10 

T.  27.  R.  .3  E  

T.  27.  R.  4  E  

4' 

23 
23 
1  ) 

Di 
20 
19 
Hi 

T.  26.  R.  1  E  

T.  26.  R.  2  E  

T.  26.  R.  .3  E  

T.  26,  R.  4  E  

T.  25.  R.  1  E  

12 
H) 
20 
10 

T.  25.  R.  2  E  

T.  25,  \\.  '.\V.  

T.  25.  R.  4  E  

1 

Total  

576 

W) 

60 

159 

243 

05 

Aff-a  570.5  .s(|uarf?  miles  in  576  s<  f  i ions,  inrliidinjr  lake.s. 

Niirnbt-r  of  farms,  314. 

.\vcrai,'f  valuf  pf-r  acre,  .«12.9I 

S(|uan'  rniks  in  farm.<;,  93.63, 

per  c»-nf  (if  land  area  in  farni.s,  Hi..',. 

P»T  ci-nt  of  farm  land  itnprovffl  27.1.  ov  1.42  p«-r  (••nt  of  coiiiily 
Prinripal  rrop>:     Hay,  potaKx-.s.  outs.  corn.  wln-al.  ry  . 

Th«'  uravdly  (iiitwash  plain.s  as  will  as  the  .sandy  have  at  hcsl  a  liRht  .sandv  loam  cov.  r  aiul 
are  now  laricfly  uncultivat<(l.  th*-  .sfttlfincnis  iM-inu'  chirfly  on  clayey  till. 
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SURFACE  GEOLOGY. 
OTSEGO  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy 
Sees. 


Gravelly 
loam. 
Sees. 


T. 

32, 

R. 

1 

W 

T. 

32, 

R. 

2 

W 

T. 

32, 

R. 

3 

w 

T. 

31, 

R. 

1 

w 

T. 

31, 

R. 

2 

w 

T. 

31, 

R. 

3 

w 

T. 

31, 

R. 

4 

w 

T. 

.30, 

R. 

1 

w 

T. 

30, 

R. 

2 

w 

T. 

30, 

R. 

.3 

w 

T. 

80, 

R. 

4 

w 

T. 

29, 

R. 

1 

w 

T. 

29, 

R. 

o 

w 

T. 

29, 

R. 

3 

w 

T. 

29, 

R. 

4 

Total. 


36 

5 

36 

3 

36 

8 

36 

15 

36 

4 

36 

5 

36 

3 

36 

.3 

36 

4 

36 

6 

36 

4 

36 

4 

-  .36 

5 

36 

6 

36 

6 

540 

81 

43 


189 


69 


7 
16 
2 

15 
26 

28 
29 
27 
8 


158 


Area  522  square  miles  in  540  sections,  including  lakes. 

Number  of  farms,  551. 

Average  value  per  acre,  "S14.93. 

Square  ]nil(^s  in  farms,  93. 

Pr-r  f^-iit  of  land  area  in  farms.  17.6. 

Per  (  ciit  of  farm  land  improved  46.4,  or  8.16  per  cent  of  county. 
Principal  crops;    Potatoes,  hay,  oats,  rye,  corn,  wheat. 

The  gravelly  outwash  has  a  fairly  productive  soil  of  sandy  and  gravelly  loam  much  of  which 
is  already  farmed.  There  has  been  verj^  little  development  of  other  classes  of  land,  though 
profitable  returns  may  be  expected  from  much  of  the  clayey  and  sandy  till. 

OTTAWA  COUNTY. 


T. 

9 

N. 

R. 

Hi  W 

T. 

8 

N. 

R. 

13  W 

T. 

8 

N. 

R. 

14  W 

T. 

8 

N. 

R. 

15  W 

T. 

8 

N. 

R. 

16  W 

T. 

7 

N. 

R. 

16  W 

T. 

7 

N. 

R. 

15  W 

T. 

7 

N. 

R. 

14  W 

T. 

7 

N. 

R. 

13  W 

T. 

6 

N. 

R. 

13  W 

T. 

6 

N. 

R. 

14  W 

T. 

6 

N. 

R. 

15  W 

T. 

6 

N. 

R. 

16  W 

T. 

5 

N. 

R. 

16  W 

T. 

5 

N. 

R. 

15  W 

T. 

5 

N. 

R. 

14  W 

T. 

5 

N. 

R. 

i:i  W.. 

Area 
sections. 


36 
36 
36 

.36 
.36 
36 
21 

22 
36 
36 
36 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


1 

15.5 

13 
4 

2.(5 


Sandy 
till. 

Sees. 


10 


Sandy. 
Sees. 


24 
15 
8 

15 
21 

26.5 
20 

14 


Gravelly 
loam. 
Sees. 


18 
6.5 


Total . 


568 


83 


121 


45 


277.5 


41  .5 


Area  551  square  miles  in  568  sections,  including  Black  and  Spring  Lakes. 

Number  of  farms,  4,603. 

Average  value  per  acre,  $40.76. 

S(iuare  miles  in  farms,  506.4. 

Per  cent  of  land  area  in  farms,  89.6. 

Per  cent  of  farm  land  improved  76.3,  or  68.36  per  cent  of  county. 
Principal  crops:    Hay,  corn,  oats,  wheat,  rye. 

A  narrow  strip  of  dunes  borders  the  Lake  Michigan  shore.  A  considerable  part  of  the  gravelly 
land  is  in  the  deltas  of  Lake  Chicago,  but  outwash  gravel  is  present  in  the  northeast  part.  It 
has  as  a  rule  a  fertile  loamy  capping. 
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Section. 


Area 
sections. 


and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandv 
till.' 
Sees. 


Sandy 
Secs> 


Gravelly 
loam. 


T.  37.  R.  2  E. 

T.  36,  R.  2  E. 

T.  36,  R.  3  E. 
T.  36,  R.  4  E. 

T.  35,  R.  2  E. 

T.  35,  R.  3  E. 

T.  35,  R.  4  E. 

T.  35,  R.  5  E. 

T.  35,  R.  6  E. 
T.  34,  R.  2  E. 

T.  34,  R.  3  E. 
T.  34,  R.  4  E. 
T.  34,  R.  5  E. 

T.  34,  R.  6  E. 
T.  34,  R.  7  E. 

T.  34,  R.  8  E. 

T.  33,  R.  2  E. 
T.  33,  R.  3  E. 
T.  33,  R  4  E. 
T.  33.  R.  5  E. 

T.  33.  R.  6  E. 
T.  33,  R.  7  E. 

T.  33,  R.  8  E. 
T.  33,  R.  9  E. 


Total. 


36 

19 
14 

36 


36 
36 
36 
36 

36 
36 

33 
1 


4 

3L 
7S 
2 
3 

f  2L 

\  8S 

4 
2 
1 
2 
14 

10 
6 


'  3L 
3S 

'  4L 
IS 
9 

11 

18 
8 

5 

'  2L 
\  5S 
I  8L 
^  4S 


703 


169 


19Lc 

9Lc 

3Lc 
3Lc 
5Lc 
13 

9 

14Lc 
5 

4Lc 
5 


10 
17 

9 

26 

12Lc 
S 

15Lc 


25  i 

30  ' 

12  I 
13Lc  i 


9 
24 


10 


98 


156 


Area  669  square  miles  in  703  sections,  including  about  25  sections  in  lakes. 

Number  of  farms,  1,086. 

Average  value  per  acre,  S9.84. 

Square  miles  in  farms.  205.5. 

Per  cent  of  land  area  in  farms.  30.3. 

Per  cent  of  farm  land  improved  30.4,  or  9.1  per  cent  of  county. 
Princinal  crops:    Hay.  potatoes,  oats,  wheat,  peas,  rye,  corn. 

Thf  lane  flay  is  very  thin,  much  of  the  submergtd  arta  having  a  clayey  till  at  surface.  Bowl- 
ders abound  in  much  of  thn  submerged  area  as  well  as  on  moraines.  LinKstone  is  at  slight 
depth  in  the  eastern  i)art  and  the  drift  there  is  to  be  classed  as  limestone  till. 

17 
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SURFACE  GEOLOGY. 

ROSCOMMON  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy 
Sees. 


T. 

24. 

R. 

1 

T. 

24, 

R. 

2 

W 

T. 

24, 

R. 

3 

T. 

24, 

R. 

4 

w. 

T. 

2.3, 

R. 

1 

\v 

T. 

23, 

R. 

2 

w 

T. 

23. 

R. 

3 

w 

T. 

23, 

R. 

4 

w 

T. 

22 

R. 

1 

w 

T. 

22; 

R. 

2 

w 

T. 

22 

R. 

3 

w 

T. 

22 

R. 

4 

w 

T. 

21, 

R. 

1 

w 

T. 

21, 

R. 

2 

w 

T. 

21, 

R. 

3 

w 

T. 

21, 

4 

w 

Total. 


18 


f  9L 

\  lis 

J  6L 
1  8S 
/  3.5L 
1  18S 

24 
/  7L 
1  12s 
i  11 L 
\  19S 
8 

18 

J  9L 
1  3S 
f,  3.,-)!. 
1  11. 5S 
6 


6 
3 

8 
8 

1.5 


576 


205 . 5 


51 


109.5 


31 


128 


Area  530  square  miles  in  576  sections,  including  lakes. 

Numl)er  of  farms,  249. 

.\v<'raj<e  value  per  acre.  $17.18. 

Siiuare  miles  in  farms,  53. 

IVr  cent  of  land  area  in  farms,  9.8. 

Per  cent  of  farm  land  improved  26.4,  or  2.6  per  cent  of  county. 
Principal  crops:    Hay,  potatoes,  oats,  corn,  rye. 

Tlie  out  wash  plains  hav^e  only  a  thin  capping  of  light  sandy  loam  and  they  are  largely  un- 
cultivated. The  cultivation  is  chiefly  on  the  clayey  till  and  jiclicr  parts  of  the  sandy  till.  Or- 
chards have  been  grown  successfully  on  some  of  the  prominent  liills  and  ridges  of  sandy  till. 
Some  of  the  swamp  land  has  a  clay  soil  and  may  be  drained  at  jnoderate  expense. 
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I 


T. 

13 

R. 

3  F 

f 

is! 

R. 

4  E 

T. 

13 

r! 

5  E 

T 

12 

1  E 

T. 

12,' 

R." 

E 

T. 

12 

3  E 

T 

12! 

r'. 

4  E 

T. 

12, 

R. 

5  E.. 

T. 

12, 

R. 

6  E 

T. 

11, 

R. 

6  E 

T. 

11, 

R. 

5  E 

T. 

11, 

R. 

4  E 

T. 

11, 

R. 

3  E 

T. 

11, 

R. 

2  E 

T. 

11, 

R. 

1  E 

T. 

10. 

R. 

1  E 

T. 

10, 

R. 

0  F 

T. 

10. 

R. 

3  E 

T 

10, 

R. 

4  E 

T. 

10, 

R. 

5  E 

T. 

10, 

R. 

6  F 

T. 

9,  R.  4  Y 

T. 

9,  R.  3  E..  . 

T.  9,  R.  2  E. 
T.  9,  R.  1  E. 


Total. 


Section. 


Area 
sections. 


36 
18 
18 
24 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
24 

24 
36 
36 
36 
36 

36 
36 
36 
36 
24 


816 


Swamp 
and  lake. 
Sees. 


Clavev 
till  and 
lake  clav. 
Sees. 


28 


30.5 

16 

11 

13.5 
16 

25 
31 

33.5 
33 

33.0 

11 

32 
33 
20 
10.5 

1 
13 
23 
31 
10 


31 
29 
30 
15 


538.5 


Sandy 
Sees. 


10.5 
20 


2 

0.5 


16 

13.5 


30 


249.5 


Area  812.3  square  miles  in  816  sections. 

Number  of  farms,  5,370. 

Average  value  per  acre,  $33.47. 

Square  miles  in  farms,  672. 

Per  cent  of  land  area  in  farms,  81.2. 

Per  cent  of  farm  land  improved  70.8,  or  59.49  per  cent  of  count.v. 
Principal  crops:    Hay,  beans,  oats,  corn,  potatoes,  wheat. 

The  classification  is  based  in  part  on  mapping  by  A.  C.  Lane  and  in  part  on  the  map  of  the 
Saginaw  Area  by  U.  S.  Bureau  of  Soils.  The  lake  clay  has  considerable  thickness  in  parts  of 
the  county.    This  and  the  underlying  clayey  till  need  tile  draining. 
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SURFACE  GEOLOGY. 
ST.  CLAIR  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


T.  8  N.  R.  13  E 
T.  8  N.  R.  14  E 

T.  8  N.  R.  15  E 

T,  8  N.  R.  16  E 
T.  8  N.  R.  17  E 

T.  7  N.  R.  13  E 
T.  7  N.  R.  14  E 
T.  7  N.  R.  15  E 

T.  7  N.  R.  16  E 

T.  7  N.  R.  17  E 

T.  6  N.  R.  13  E 
T.  6  N.  R.  14  E 
T.  6  N.  R.  15  E 
T.  6  N.  R.  16  E 
T.  6  N.  R.  17  E 

T.  5  N.  R.  15  E 
T.  5  N.  R.  16  E 
T.  5  N.  R.  17  E 
T.  4  N.  R.  15  E 
T.  4  N.  R.  16  E. 

T.  4  N.  R.  17  E. 
T.  3  N.  R.  15  E. 
T.  3  N.  R.  16  E, 
T.  2  N.  R.  15  E. 
T.  2  N.  R.  16  E. 

Total  


36 
36 

36 

36 
10 

36 
36 
36 

36 

21 

36 
36 
36 
36 

18.5 

36 
36 
6 
36 
36 

4 
20 
30 
14 
16 


2.5 


13 


12 

19 
/  16 
1  14Le 
J  14 
t  12Lc 
7Le 

31 .5Le 

34Lc 

30 
/  17 
\  7Lc 
6Lc 

32  Lc 
36  Lc 
28Lc 

5Lc 

7.5LC 


3 

24  Le 

6 

21Lc 

1 

5Lc 

281.C 

4 

22  Lc 

2 

1 

3.5 

13 

10 

10 


15.5 


62 


452 


18 


Area  666:6  s(iuare  rnilps  in  715.5  sections,  including  23  sections  in  the  delta  of  St.  Clair  River 
by  estimate  from  county  map. 
Number  of  farms,  4,527. 
Average  value  per  acre,  S31.12. 
Square  miles  in  farms,  646.5. 
Per  cent  of  land  area  in  farms,  91.2. 

Per  cent  of  farm  land  improved  76.6,  or  69.86  per  cent  of  county. 
Principal  crops:    Hay,  oats,  corn,  wheat,  potatoes. 

The  lake  clay  is  ordinarily  but  a  few  inches  in  depth  and  rests  upon  clayey  till.  The  sandy 
land  is  also  in  places  underlain  at  slight  depth  by  clayey  till  which  keeps  it  moist  and  productive. 
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Section. 


Area 


towamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandv 
till.' 

Sees. 


Sandy 
Sees. 


T.  5  S.  R.  9  W. 
T.  5  S.  R.  10  W 
T.  5  S.  R.  11  W 
T.  5  S.  R.  12  W 
T.  6  S.  R.  12 

T.  6  S.  R.  11  W 
T.  6  S.  R.  10  W 
T.  6  S.  R.  9  W. 
T.  7  S.  R.  9  W  .  . 

T.  7  S.  R.  10  W. 
T.  7  S.  R.  11  W, 
T.  7  S.  R.  12 
T.  8  S.  R.  13  W. 

T.  8  S.  R.  12  W. 
T.  8  S.  R.  11  W. 
T.  8  S.  R.  10  W. 
T.  8  S.  R.  9  W.  . 


36 
36 
36 
36 
36 

36 
36 
36 
36 

36 
36 
36 


31 
27 
26 
15 

3 
18 
26 

2.5 


11 


Total. 


518.5 


10 


99 


■26: 


ss 


Area  502.3  square  miles  in  518.5  sections,  including  lakes. 

Number  of  farms,  2,623. 

Average  value  per  acre.  ?40.02. 

Square  miles  in  farms.  470. 

Per  cent  of  land  area  in  farms,  93.4. 

Per  cent  of  farm  land  improved  81,  or  75.65  per  cent  of  county. 
Principal  crops:    Corn,  hay,  wheat,  potatoes,  oats. 

In  the  extensive  outwash  a'prons  and  belts  of  glacial  drainage  of  this  county  the  areas  classed 
as  sandy  have  le.ss  loam  at  surface  than  those  classed  as  gravelly  loam.  Portions  of  the  saiidy 
till  have  a  rich  but  stony  loam  at  surface. 
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SURFACE  GEOLOGY. 

SANILAC  COUNTY. 


Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


Sandy 
till. 
Sees. 


Sandy, 
Sees. 


Gravelly 
loam. 
Sees. 


T. 

14, 

R. 

12  E 

T. 

14, 

R. 

13  E 

T. 

14, 

R. 

14  E 

T. 

14, 

R. 

15  E 

T. 

14, 

R. 

16  E 

T. 

13, 

R. 

16  E 

T. 

13, 

R. 

15  E. 

T. 

13, 

R. 

14  E 

T. 

13, 

R. 

13  E 

T. 

13, 

R. 

12  E 

T. 

12, 

R. 

12  E 

T. 

12, 

R. 

13  E 

T. 

12, 

R. 

14  E 

T. 

12, 

R. 

15  E 

T. 

12, 

R. 

16  E 

T. 

11, 

R. 

16  E 

T. 

11, 

R. 

15  E 

T. 

11, 

R. 

14  E 

T. 

11, 

R. 

13  E. 

T. 

11. 

n. 

12  K. 

T.  10,  R.  12  E. 

(North  half). 
T.  10,  R.  13  E. 
T.  10,  R.  14  E. 
T.  10.  R.  15  E. 


T.  10,  R  16  E. 

T.  10,  R.  17  E. 
T.  9,  R.  17  E.. 

T.  0,  R.  16  E.. 

T.  9,  R.  15  E.. 

T.  9,  R.  14  E. 
T.  9,  R.  13  E.. 


Total. 


36 
36 
36 

36 

12 

15 

36 

36 
36 
36 

36 
36 
36 
36 

23.5 


29 

36 
36 
36 
36 


24 
10 
6 

14 
14 
16 
6 


10 


969. 


200. 


12 
1 

5 

120 
1  13Lc 
12Lc 

15Lc 
f  28 
I  5Lc 
9 

22 

11 

19 
19 
6 
30 

f  1.5 
1  20  Lc 

I  14 
1  14Lc 

25 

oo 

18 
20 


16 
29 
21 
9Lc 

3Lc 
5Lc 
12 

16Lc 
3 

31 J  c 
21 


556 . 


12 


148 


0.5 
'  6 '  ' 


47 


17 


Area  962.5  square  miles  in  969.5  sections. 
Number  of  farms,  5,659. 
■  "  Average  value  jjer  acre,  S27.62. 
Sfjuare  miles  in  farms,  861.4. 
Per  cent  of  land  area  in  farms,  88.3. 

Per  cent  of  farm  land  imjjrovcd  78.8,  or  69.58  per  cent  of  county. 
Principal  crojjs:    Hay,  oats,  beans,  wheat,  com,  barley,  potatoes. 

The  f?raveliy  land  is  in  part  in  eskers  and  kames.  A  considerable  i^art  of  the  swamf)  land 
admits  of  comparatively  easy  draining. 
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Section. 


Area 
sections. 


Swamp 
and  lake. 
Sees. 


Clayey  Sandy 
till.  till. 
Sees.     j  Sees. 


T. 

8, 

R. 

1 

E 

T. 

8, 

R. 

2 

E 

T. 

8, 

R. 

3 

E 

T. 

8, 

R. 

4 

E 

T. 

7, 

R. 

1 

E 

T. 

7, 

R. 

2 

E 

T. 

7, 

R. 

3 

E 

T. 

7, 

R. 

4 

E 

T. 

6, 

R. 

1 

E 

T. 

6,  R. 

2 

E 

T. 

6, 

R. 

3 

E 

T. 

6, 

R. 

4 

E 

T. 

5, 

R. 

1 

E 

T. 

5, 

R. 

2 

E 

T. 

•5, 

R. 

3 

E 

T. 

5, 

R. 

4 

E 

26 
36 
36 
36 

26.5 

36 
36 
36 

26.5 
36 

36 
36 
27 
36 
36 
36 


18 
26 
30 
32 
15 

28 

30.5 

32 

20 

25 

18 
27 
22 
30 
20 
25 


Total 


538 


41 


5  ! 


598. 


11 


Area  537.5  square  mUes  in  538  sections. 

Xumber  of  farms,  3,577. 

Average  value  per  acre.  835.33. 

Square  miJ'^s  in  farms,  511. 

Per  cent  of  land  area  in  farms,  91.7. 

Per  cent  of  farm  land  improved  81,  or  74.28  per  cent  of  county. 
Principal  crops:    Hay,  beans,  oats,  corn,  wheat,  rye. 

The  moraines  as  well  as  till  plains  are  largely  rich  clayey  till.  Portions  of  the  sandy  outwash 
and  strips  of  sandy  glacial  drainage  have  a  rich  loam  capping. 
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SURFACE  GEOLOGY. 


TUSCOLA  COUNTY. 


Township. 


Area 
sections. 


Swamp 
and  lake. 

Sees. 


Clayey 
and  loamy. 
Sees. 


Sandy 
till. 
Sees. 


Sandy, 
Sef's. 


T. -15,  R.  8  E.  . 
T.  14,  R.  7  E.  . 

T.  14,  R.  8  E  .  . 

T.  14,  R.  9  E  .  . 
T.  14,  R.  10  E. 

T.  14,  R.  11  E. 
T.  13,  R.  7  E.  . 
T.  13,  R.  8  E. 
T.  13,  R.  9  E. 
T.  13,  R.  10  E 


T.  13,  R.  11  E. 
T.  12,  R.  7  E.  . 
T.  12,  R.  8  E.  , 
T.  12,  R.  9  E.  . 
T.  12,  R.  10  E. 


R.  11  E. 
R.  7  E .  . 
R.  8  E  .  . 
T.  11,  R.  9  E  .  . 
T.  11,  R.  10  E. 


T.  12 
T.  11 
T.  11 


T.  11,  R.  11  E. 
T.  10,  R.  7  E.  . 
T.  10,  R.  8  E  .  . 
•T.  10,  R.  9  E.  . 


Total 


19.5 
20 

36 

34 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 


829.5 


3 

3.5 


0.5 
0.5 


14 


/  7. 

5 

1  2. 

5s.  1. 

1 13 

\  1. 

5s.  1. 

J  27--. 

5 

\  2s 

.  1. 

30 

20 

4 

24 

27 
20 

5 

10 

32 

10 

5 

5 

6 
23 

2 
13 
12 

15 
25 
24 
20 


382 


15 


6.5 
5 


6 

3.5 
9  ■ 


96 


3.5 
2 

3 

2.5 


11 

5 

8.5 
9 
24 

16 
4 
18 

26 
23 

10 

9 
33 
11 

4 


Area  811  square  miles  in  829.5  sections. 

Number  of  farms,  5,244. 

Average  value  per  acre,  $31.45. 

Square  miles  in  farms,  703.4. 

Per  cent  of  land  area  in  farms,  85.1. 

Per  cent  of  farm  land  improved  73.9,  or  62.89  per  cent  of  county. 
Principal  croi)s     Hay.  beans,  oats.  corn,  wheat,  potatoes,  rye. 

The  e.stimates  for  the  northern  part  of  the  county  are  from  the  U.  S.  Bureau  of  Soils  map 
of  the  Sa{<inavv  area,  and  the  remainder  chiefly  from  C.  A.  Davis's -report  on  Tuscola  County, 
Geoloj?ical  Survey  of  Michifjan.  Annual  Re{)ort  for  1908. 

In  the  column  of  "clayey  and  .sandy"  soil  "s.  1."  stands  for  sandy  loam,  as  designated  by  the 
Bureau  of  Soils. 
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Area 


j  Swamp 


and  lake. 


Clavev 
till. 

Sees. 


!  Sandv 
!  till. 


Sandy. 
Sees'. 


Gravelly 
loam. 
Sees. 


T. 

1  S. 

R. 

13  W 

T. 

1  s 

R. 

14  W 

T 

1  s 

R. 

15  W 

T 

1  <. 

16  W 

T. 

1  s. 

B.. 

17  W 

T. 

9  S 

R. 

IS  W 

T. 

2  S". 

R. 

17  W 

T. 

2  S. 

R. 

16  W 

T. 

s 

R. 

15  W 

T. 

2  S.' 

R. 

14  W 

T. 

2  S. 

R. 

13  W 

T. 

3  S. 

R. 

13  W 

T. 

3  S. 

R. 

14  W 

T. 

3  S. 

R. 

15  W 

T. 

3  S. 

R. 

16  W 

T- 

4  S. 

R. 

16  W 

T. 

4  S. 

R. 

15  W 

T. 

4  S. 

R. 

14  W 

T. 

i  S. 

R. 

13  W 

36 
36 
36 
36 
21 

1. 

34 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 


3 


12 


12.5 
21 
9 
20 


6 
10 
21 

6 

5 
9 
8 
26 
23 

18 
6 
4 

16 


11 


15 
12 
13 

1. 
13 
2 
2 
4 

23 

25 
4 
4 
6 


it  i 

3  I 


12 


Total. 


632 


108 


153. 


Area  611.2  square  miles  in  632.5  sections,  including  lakes. 

Xumber  of  farms.  4.952. 

Average  value  per  acre,  S43.71. 

Square  miles  in  farms,  565. 

Per  cent  of  land  area  in  farms,  01.6. 

Per  cent  of  farm  land  improved  78,  or  /1.45  per  cent  of  county. 
Principal  crops:    Hay.  corn,  potatoes,  oats,  wheat,  rye. 

A  deposit  of  rich  loam  covers  much  of  the  gravelly  area  included  in  the  last  column, 
sandy  areas  and  sandy  till  are  extensively  planted  to  orchards  and  vineyards. 


The 


138 


SURFACE  GEOLOGY. 


WASHTENAW  COUNTY. 


Township. 


T. 

1  S. 

R. 

3  E 

T. 

1  s. 

R. 

4  E 

T. 

1  s. 

R. 

5  E 

T. 

1  s. 

R. 

6  E 

T. 

1  s. 

R. 

7  E.. 

T. 

2  S. 

R. 

7  E 

T. 

2  S. 

R. 

6  E 

T. 

2  S. 

R. 

5  E 

T. 

2  S. 

R. 

4  E 

T. 

2  S. 

R. 

3  E 

T. 

3  S. 

R. 

3  E 

T. 

3  S. 

R. 

4  E 

T. 

3  S. 

R. 

5  E 

T. 

3  S. 

R. 

6  E 

T. 

3  S. 

R. 

7  E.. 

T. 

4  S. 

R. 

7  E 

T. 

4  S. 

R. 

6  E 

T. 

4  S. 

R. 

5  E 

T. 

4  S. 

R. 

4  E 

T. 

4  S. 

R. 

3  E.. 

Area 
sections. 


Total 


36 
36 
36 
36 
36 

36 

36 
36 
36 
36 

36 
36 
36 
36 

36 

36 
36 

36 

36 
36 


720 


Swamp 
and  lake. 
Sees. 


Clayey 
till. 
Sees. 


3.5 
8.5 
6 

4.5 

3.5 


■1.5 
3 


3 
4 

2.5 
6 


3 

4.5 


i.5 


4 
16 
10 

/19 
1  7Le 
25 
16 
8.5 
5 

3 
21 

22 

23 
f  2 
1  6Le 

12 

/  3 
1  15Lc 
f  18 
1  8Lc 
^  19.5 
I  2Lc 
8 


Sandy 
till. 
Sees. 


20 
18 
16 
7 
16 


16 


196 


Sandy. 
Sees. 


8.5 
5.5 


1.5 


Gravelly 
loam. 
Sees. 


61 


Area  711  square  miles  in  720  sections. 

Number  of  farms,  3,837. 

Averat^e  value  per  acre,  .S37.17. 

Square  miles  in  farms,  667.2. 

Per  eent  of  land  area  in  farms,  94.8. 

Per  cent  of  farm  land  imi)roved  77.7,  or  73.66  per  cent  of  county. 
Principal  crops:    Hay,  corn,  oats,  wheat,  potatoes,  rye. 

(iravelly  areas  in  this  table  include  kames,  eskers,  and  ancient  river  deltas  as  wt'll  as  outwasli 
aprons.  They  have  usually  sufficient  loam  in  the  soil  to  be  product  i\c  The  sandy  and  clayey 
till  are  under  a  high  state  of  cultivation  with  profitable  returns.  Orchard  and  fruit  raising  are 
found  fully  as  profitable  on  the  morainic  tracts  as  general  farming. 


SOUTHERN  PENINSULA  OF  MICHIGAN. 

WAYNE  COUNTY. 


139 


Northville . 
Plymouth . 
Livonia  .  .  . 
Redford..  . 
Greenfield . 


Haratramck . 
Grosse  Point . 

Detroit  

Gratiot..  .  .. .  . 

Springwells.  . 


Dearborn.. 
Nankin  .  .  . 
Canton..  .  . 
Van  Bur  en 
Romulu.s.  . 


Taylor  

Ecorse  

Monguagon  . 
Brownstown. 

Huron  

Sumpter  


Township. 


Area 
sections. 


18.27 
19.14 
35.96 
35.68 
34 . 78 

16.89 
11.31 
39.38 
19.42 
9.83 

34.41 
35.94 
35.93 
36.69 
35.66 

23.82 
35.41 
23.35 
40.00 
35.79 
37.28 


Clayey 
till,  and 
lake  clay 
Sees. 


12.27 
12.64 
5 

11 

10.89 
8.31 
28.38 
17.42 
8.83 

22.41 
9 

17.93 

8 
12 


29.41 
22 . 35 
27.00 


Total. 


614.94 


281 .84 


333.10 


Area  615  square  miles  by  planimeter,  596.2  by  Farmers  Handbook. 

Number  of  farms,  4,775. 

Average  value  per  acre,  $82.14. 

Square  miles  in  farms,  494. 

Per  cent  of  land  area  in  farms,  79.7. 

P^r  cent  of  farm  land  improved  82.6,  or  65.78  per  cent  of  county. 
Principal  crops:    Hay,  corn,  oats,  potatoes,  wheat,  rye. 

Estimates  of  area  of  each  class  of  soil  were  made  by  W.  H.  Sherzer  on  the  basis  of  the  plani- 
meter measurements. 

The  clay  areas  have  generally  a  thin  deposit  of  lake  clay  with  clayey  till  subsoil,  but  west  of 
Detroit  the  lake  clay  is  12  feet  or  more  in  depth  over  a  considerable  area  and  is  used  in  brick, 
tile  and  roofing  slate  manufacture.  The  sandy  areas  have  in  places  a  very  light  soil  drifted 
into  low  ridges,  but  in  portions  of  the  sandy  areas  there  is  sufficient  moisture  and  a  suital)ie 
.soil  for  profitable  farming. 
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SURFACE  GEOLOGY. 


WEXFORD  COUNTY. 


Township. 


T. 

24, 

R. 

9 

W  

T 

O  1 

tx. 

1  n 

T 

24, 

R. 

11 

w.  

T. 

24, 

R. 

12 

W  

T 

23, 

R. 

9 

w  

T. 

23, 

R. 

10 

w. . 

T. 

23, 

R. 

11 

w  

T. 

23, 

R. 

12 

w  

T. 

22, 

R. 

9 

w  

T. 

22, 

R. 

10 

w  

T. 

22, 

R. 

11 

\v  

T. 

22, 

R. 

12 

w  

T. 

2l! 

R. 

9 

w  

T. 

21, 

R. 

10 

w  

T. 

21, 

R. 

11 

w  

T. 

21, 

R. 

12 

w  

Area 
sections. 


Total . 


36- 
36 
36 
36 
36 

36 
36 
36 
36 
36 

36 
36 
36 
36 
36 
36 


576 


Swamp 
and  lake. 
Sees. 


21 


Clayey 
till. 
Sees. 


30 


Sandy 
till. 
Sees. 


241 


Sandy 
Sees. 


21 
17 

25 
9 


162 


Area  572  square  miles  in  576  sections,  includinf^  lakes. 

Number  of  farms,  1,779. 

Average  value  per  acre,  S18.79. 

Square  miles  in  farms,  230.6. 

Per  cent  of  land  area  in  farms,  40. 

i^er  cent  of  farm  land  improved  53.6,  or  21.44  i)er  cent  of  county. 
Principal  crops:    Hay.  potatoes,  corn,  oats,  rye,  wlit-at. 

This  county  was  entirely  covered  by  the  I  .  S.  Huivau  of  Soils  Survey  in  1908.  It  is  nearly 
all  cla.ssed  as  "Miami  sand"  of  three  phases:  (1)  Pine  hills  phase  of  no  agricultural  value: 
(2)  Pine  plains  phase  of  fair  agricultural  value;  and  (3)  Hardwood  land  phase  of  good  agri- 
cultural value  and  embracing  more  than  half  the  county.  The  classification  made  by  the 
present  writer  is  on  the  geological  basis  to  conform  to  the  plan  adopted  for  the  entire  peninsula. 
CJravelly  land  southeast  of  Boon  and  that  northwest  of  Manistee  River  has  sufficient  capping 
of  loam  to  be  classed  as  good  agricultural  land  by  the  Bureau  of  Soils,  so  also  is  nearly  all  the 
.sandy  till. 
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